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฀U฀E฀ ฀t฀o฀ ฀t฀h฀e฀ ฀d฀i฀s฀t฀i฀n฀c฀t฀ ฀f฀e฀a฀t฀u฀r฀e฀ ฀t฀h฀a฀t฀ ฀n฀e฀i฀t฀h฀e฀r฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀s฀ 
฀(฀P฀M฀s฀)฀ ฀n฀o฀r฀ ฀w฀i฀n฀d฀i฀n฀g฀s฀ ฀a฀r฀e฀ ฀l฀o฀c฀a฀t฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀r฀o฀t฀o฀r฀,฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀P฀M฀ 
฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀[฀1฀]฀ ฀h฀a฀v฀e฀ ฀b฀e฀e฀n฀ ฀o฀f฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀ ฀i฀n฀t฀e฀r฀e฀s฀t฀ ฀i฀n฀ ฀t฀h฀e฀ 
฀l฀a฀s฀t฀ ฀d฀e฀c฀a฀d฀e฀,฀ ฀w฀h฀i฀c฀h฀ ฀a฀r฀e฀ ฀r฀e฀c฀o฀g฀n฀i฀z฀e฀d฀ ฀a฀s฀ ฀p฀r฀o฀m฀i฀s฀i฀n฀g฀ ฀c฀a฀n฀d฀i฀d฀a฀t฀e฀s฀ ฀f฀o฀r฀ 
฀a฀i฀r฀c฀r฀a฀f฀t฀ ฀a฀n฀d฀ ฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀.฀ ฀A฀p฀a฀r฀t฀ ฀f฀r฀o฀m฀ ฀i฀n฀h฀e฀r฀i฀t฀i฀n฀g฀ ฀si m p฀l e  
฀s฀a฀l฀i฀e฀n฀t฀ ฀r฀o฀t฀o฀r฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀ ฀o฀f฀ ฀s฀w฀i฀t฀c฀h฀e฀d฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀(฀S฀R฀M฀s฀)฀ 
฀[฀2฀]฀-฀[฀4฀]฀,฀ ฀t฀h฀e฀ ฀m฀e฀r฀i฀t฀s฀ ฀o฀f฀ ฀e฀a฀s฀y฀ ฀t฀h฀e฀r฀m฀a฀l฀ ฀m฀a฀n฀a฀g฀e฀m฀e฀n฀t฀,฀ ฀a฀s฀ ฀w฀e฀l฀l฀ ฀a฀s฀ ฀h฀ig h฀ 
฀t฀o฀r฀q฀u฀e฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀c฀a฀n฀ ฀b฀e฀ ฀a฀c฀h฀i฀e฀v฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀.฀ 
฀M฀o฀r฀e฀ ฀i฀m฀p฀o฀r฀t฀a฀n฀t฀l฀y฀,฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀c฀a฀n฀ ฀b฀e฀h฀a฀v฀e฀ ฀i฀n฀ ฀a฀ 
฀s฀i฀m฀i฀l฀a฀r฀ ฀w฀a฀y฀ ฀a฀s฀ ฀e฀i฀t฀h฀e฀r฀ ฀b฀r฀u฀s฀h฀l฀e฀s฀s฀ ฀D฀C฀ ฀o฀r฀ ฀A฀C฀ ฀P฀M฀ ฀s฀y฀n฀c฀h฀r฀o฀n฀o฀u฀s฀ 
฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀[฀3฀]฀ ฀[฀4฀]฀.฀ 
฀C฀o฀m฀p฀a฀r฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀o฀t฀h฀e฀r฀ ฀t฀h฀r฀e฀e฀ ฀k฀i฀n฀d฀s฀ ฀o฀f฀ ฀s฀t฀a฀t฀o฀r฀ ฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀ i . e฀. ,  
฀d฀o฀u฀b฀l฀y฀ ฀s฀a฀l฀i฀e฀n฀t฀ ฀[฀5฀]฀ ฀[฀6฀]฀ ฀,฀ ฀s฀t฀a฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀[฀7฀]฀,฀ ฀a฀n฀d฀ ฀s฀w฀i฀t฀c฀h฀e฀d฀ ฀f฀l฀u฀x฀ ฀P M  
฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀[฀8฀]฀ ฀[฀9฀]฀,฀ ฀f฀l฀u฀x฀ ฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀P฀M฀ ฀(฀F฀R฀P฀M฀)฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀c฀a฀n฀ ฀o฀f฀f฀e฀r฀ 
฀t฀h฀e฀ ฀a฀d฀v฀a฀n฀t฀a฀g฀e฀s฀ ฀o฀f฀ ฀g฀o฀o฀d฀ ฀t฀o฀r฀q฀u฀e฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀a฀n฀d฀ ฀h฀i฀g฀h฀ ฀m฀a฀g฀n฀e฀t฀ 
฀u฀t฀i฀l฀i฀z฀a฀t฀i฀o฀n฀ ฀r฀a฀t฀i฀o฀ ฀[฀1฀0฀]฀-฀[฀2฀6฀]฀.฀ ฀M฀e฀a฀n฀w฀h฀i฀l฀e฀,฀ ฀t฀h฀e฀i฀r฀ ฀s฀t฀a฀t฀o฀r฀/฀r฀o฀t฀o฀r฀ 
฀l฀a฀m฀i฀n฀a฀t฀i฀o฀n฀s฀ ฀a฀r฀e฀ ฀g฀e฀o฀m฀e฀t฀r฀i฀c฀a฀l฀l฀y฀ ฀s฀i฀m฀i฀l฀a฀r฀ ฀t฀o฀ ฀t฀h฀o฀s฀e฀ ฀o฀f฀ ฀S฀R฀M฀s฀ ฀[฀2฀]฀-฀[฀4฀]฀,฀ 
฀w฀h฀i฀c฀h฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀i฀n฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀a฀l฀ ฀s฀i฀m฀p฀l฀i฀c฀i฀t฀y฀,฀ ฀s฀t฀r฀o฀n฀g฀ ฀r฀o฀b฀u฀s฀t฀n฀e฀s฀s฀,฀ ฀a฀n฀d฀ 
฀e฀a฀s฀e฀ ฀o฀f฀ ฀m฀a฀n฀u฀f฀a฀c฀t฀u฀r฀i฀n฀g฀.฀ ฀T฀h฀e฀r฀e฀f฀o฀r฀e฀,฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀s฀u฀i฀t฀ab l e฀ 
฀f฀o฀r฀ ฀l฀o฀w฀-฀s฀p฀e฀e฀d฀ ฀d฀i฀r฀e฀c฀t฀-฀d฀r฀i฀v฀e฀ ฀s฀y฀s฀t฀e฀m฀s฀ ฀[฀1฀0฀]฀ ฀a฀n฀d฀ ฀h฀i฀g฀h฀-฀s฀p฀e฀e฀d฀ 
฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀ ฀[฀1฀1฀]฀,฀ ฀s฀u฀c฀h฀ ฀a฀s฀ ฀e฀l฀e฀c฀t฀r฀i฀c฀ ฀v฀e฀h฀i฀c฀l฀e฀ ฀[฀1฀1฀]฀ ฀a฀n฀d฀ ฀w฀i฀n฀d฀ ฀p฀o฀w฀e฀r฀ 
฀g฀e฀n฀e฀r฀a฀t฀i฀o฀n฀,฀ ฀e฀t฀c฀.฀ ฀[฀1฀2฀]฀.฀ ฀I฀n฀ ฀f฀a฀c฀t฀,฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀o฀f฀ ฀g฀r฀o฀w฀i฀n฀g฀ 
฀r฀e฀s฀e฀a฀r฀c฀h฀ ฀i฀n฀t฀e฀r฀e฀s฀t฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀l฀a฀s฀t฀ ฀d฀e฀c฀a฀d฀e฀ ฀[฀1฀0฀]฀-฀[฀2฀6฀]฀.฀ ฀I฀n฀ ฀t฀e฀r฀m฀s฀ ฀o฀f฀ 
฀w฀i฀n฀d฀i฀n฀g฀ ฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀f฀e฀a฀s฀i฀b฀i฀l฀i฀t฀i฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀f฀r฀a฀c฀t฀i฀o฀n฀a฀l฀-฀s฀l฀o฀t฀ 
฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀e฀d฀ ฀[฀1฀3฀]฀ ฀a฀n฀d฀ ฀f฀u฀l฀l฀-฀p฀i฀t฀c฀h฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀e฀d฀ ฀[฀1฀4฀]฀ ฀w฀i฀n฀d฀i฀n฀g฀s฀ ฀f฀o฀r
฀ 
฀ 
฀ 
฀t฀h฀e฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ ฀I฀t฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀a฀t  
฀t฀h฀e฀i฀r฀ ฀t฀o฀r฀q฀u฀e฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀c฀a฀n฀ ฀b฀e฀ ฀i฀m฀p฀r฀o฀v฀e฀d฀ ฀w฀i฀t฀h฀ ฀a฀p฀p฀r฀o฀p฀r฀i฀a฀t฀e฀ ฀s฀t฀a฀t฀o฀r฀-
฀s฀l฀o฀t฀/฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀c฀o฀m฀b฀i฀n฀a฀t฀i฀o฀n฀s฀ ฀[฀1฀3฀]฀.฀ ฀F฀o฀r฀ ฀P฀M฀ ฀a฀r฀r฀a฀n฀g฀e฀m฀e฀n฀t฀s฀,฀ ฀i฀t฀ ฀is  
฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀h฀a฀v฀i฀n฀g฀ ฀m฀o฀r฀e฀ ฀t฀h฀a฀n฀ ฀t฀w฀o฀ ฀PM฀s
฀p฀e฀r฀ ฀s฀t฀a฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀m฀a฀y฀ ฀e฀x฀h฀i฀b฀i฀t฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀o฀r฀q฀u฀e฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀[฀1฀5฀]฀,฀ ฀w฀h฀i฀c฀h฀ 
฀a฀r฀e฀ ฀p฀r฀o฀v฀e฀d฀ ฀t฀o฀ ฀b฀e฀ ฀c฀o฀m฀p฀e฀t฀i฀t฀i฀v฀e฀ ฀c฀a฀n฀d฀i฀d฀a฀t฀e฀s฀ ฀f฀o฀r฀ ฀l฀o฀w฀-฀s฀p฀e฀e฀d฀ ฀h฀i฀g฀h฀-
฀t฀o฀r฀q฀u฀e฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀H฀a฀l฀b฀a฀c฀h฀ ฀[฀1฀6฀]฀ ฀a฀n฀d฀ ฀c฀o฀n฀s฀e฀q฀u฀e฀nt -
฀p฀o฀l฀e฀ ฀P฀M฀ ฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀s฀ ฀[฀1฀7฀]฀-฀[฀1฀9฀]฀ ฀a฀r฀e฀ ฀e฀m฀p฀l฀o฀y฀e฀d฀ ฀t฀o฀ ฀i฀m฀p฀r฀o฀v฀e฀ ฀th e  
฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀w฀i฀t฀h฀ ฀r฀e฀d฀u฀c฀e฀d฀ ฀m฀a฀g฀n฀e฀t฀ ฀u฀s฀a฀g฀e฀.฀ ฀T฀h฀e฀ ฀F฀R฀P฀M฀ 
฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀w฀i฀t฀h฀ ฀e฀v฀e฀n฀ ฀u฀n฀i฀f฀o฀r฀m฀ ฀P฀M฀ ฀a฀r฀r฀a฀y฀s฀ ฀[฀2฀0฀]฀ ฀a฀r฀e฀ ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀t฀o฀ 
฀p฀e฀r฀f฀o฀r฀m฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀e฀n฀h฀a฀n฀c฀e฀m฀e฀n฀t฀ ฀e฀f฀f฀e฀c฀t฀ ฀w฀e฀l฀l฀.฀ ฀T฀h฀e฀ ฀F฀R฀P฀M฀ 
฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀w฀i฀t฀h฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀a฀r฀r฀a฀n฀g฀e฀m฀e฀n฀t฀s฀ ฀a฀r฀e฀ ฀s฀u฀m฀m฀a฀r฀i฀z฀e฀d 
฀a฀n฀d฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀i฀n฀ ฀[฀2฀1฀]฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀h฀e฀l฀p฀f฀u฀l฀ ฀f฀o฀r฀ ฀p฀r฀o฀v฀i฀d฀i฀n฀g฀ ฀a฀ ฀v฀a฀l฀u฀a฀b฀l฀e  
฀d฀e฀s฀i฀g฀n฀ ฀g฀u฀i฀d฀a฀n฀c฀e฀.฀ ฀F฀r฀o฀m฀ ฀t฀h฀e฀ ฀p฀e฀r฀s฀p฀e฀c฀t฀i฀v฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀w฀o฀r฀k฀i฀n฀g฀ ฀p฀r฀i฀n฀c฀i฀p฀l฀e฀,฀ 
฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀r฀e฀g฀a฀r฀d฀e฀d฀ ฀a฀s฀ ฀a฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀g฀e฀a฀r฀ ฀(฀M฀G฀)฀,฀ 
฀w฀h฀e฀r฀e฀ ฀s฀t฀a฀t฀i฀o฀n฀a฀r฀y฀ ฀P฀M฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀f฀i฀e฀l฀d฀s฀ ฀a฀r฀e฀ ฀m฀o฀d฀u฀l฀a฀t฀e฀d฀ ฀b฀y฀ ฀s฀a฀l฀i฀e฀n฀t฀ 
฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀s฀ ฀[฀2฀2฀]฀ ฀[฀2฀3฀]฀.฀ ฀I฀t฀ ฀r฀e฀v฀e฀a฀l฀s฀ ฀t฀h฀a฀t฀ ฀a฀l฀l฀ ฀P฀M฀ ฀m฀a฀g฀n฀e฀t฀o฀-฀m฀o฀ti v e฀-
฀f฀o฀r฀c฀e฀s฀ ฀(฀M฀M฀F฀s฀)฀ ฀a฀n฀d฀ ฀o฀n฀l฀y฀ ฀f฀u฀n฀d฀a฀m฀e฀n฀t฀a฀l฀ ฀p฀e฀r฀m฀e฀a฀n฀c฀e฀ ฀a฀r฀e฀ ฀e฀n฀g฀a฀g฀e฀d฀ 
฀i฀n฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀ ฀[฀2฀3฀]฀.฀ ฀N฀e฀v฀e฀r฀t฀h฀e฀l฀e฀s฀s฀,฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o n a l฀ 
฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀[฀1฀0฀]฀-฀[฀2฀6฀]฀ ฀g฀e฀n฀e฀r฀a฀l฀l฀y฀ ฀s฀u฀f฀f฀e฀r฀ ฀f฀r฀o฀m฀ ฀s฀e฀r฀i฀o฀u฀s฀ ฀P฀M฀ 
฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀,฀ ฀r฀e฀s฀u฀l฀t฀i฀n฀g฀ ฀i฀n฀ ฀r฀e฀s฀t฀r฀i฀c฀t฀e฀d฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀.฀ ฀T h i s  i฀s฀ 
฀r฀e฀c฀o฀g฀n฀i฀z฀e฀d฀ ฀a฀s฀ ฀a฀ ฀m฀a฀j฀o฀r฀ ฀c฀h฀a฀l฀l฀e฀n฀g฀i฀n฀g฀ ฀i฀s฀s฀u฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀e฀x฀i฀s฀t฀i฀n฀g฀ ฀F฀R฀P M  
฀m฀a฀c฀h฀i฀n฀e฀s฀.฀ 
T฀o฀ d a฀t฀e฀,  m฀a฀n฀y  ฀e฀f฀f฀o฀r฀t฀s฀ h a v e  b฀e e n  ฀m a d฀e฀ ฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀r฀e฀d฀u฀c฀e฀ ฀t฀h฀e฀ 
฀f฀l฀u฀x฀ l฀e a k a g e  ฀[฀2฀4฀]฀-฀[฀2฀6฀] .  ฀A฀p฀a฀r฀t฀ f r o m฀ t฀h฀e฀ ฀a฀b฀o฀v฀e฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ 
a l฀t฀e฀r฀n฀a฀t฀e฀ ฀P฀M฀ a r r a n g e m฀e฀n฀t฀ ฀[฀1฀6฀]฀ ฀[฀1฀7 ]฀,฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀a฀n฀d฀ ฀r฀o฀t฀o฀r฀ ฀t฀o฀o฀t h  
n฀o฀t฀c฀h฀i฀n฀g฀ ฀a฀r฀e฀ ฀t฀h฀e฀ ฀m฀a฀i฀n฀ ฀c฀o฀u฀n฀t฀e฀r฀m฀e฀a s฀u r฀e฀s฀ ฀i฀n฀ ฀l฀i฀t฀e฀r฀a฀t฀u฀r฀e฀ ฀[฀2฀4฀]฀-฀[฀2฀6] .  
H฀o฀w e v e r ,  t h e฀ ฀f l u x฀ l฀e฀a฀k฀a฀g฀e฀ r e d฀u฀c฀t฀i฀o฀n฀ ฀e฀f฀f฀e฀c฀t฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ 
s฀t a฀t฀o฀r / r o t o r  ฀s฀l฀o฀t฀t i n g  ฀i฀s฀ ฀u฀n฀o฀b฀v฀i฀o u s .฀ ฀T฀h฀e฀r฀e฀f฀o฀r฀e฀,฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ 
p฀r฀o฀p฀o฀s฀e฀s฀ ฀a฀ ฀n฀o฀v฀e฀l฀ a s y฀m m฀e฀t฀r฀i฀c฀-฀s฀t a฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀(฀A฀S฀P฀)฀ ฀F฀R฀P฀M฀ ฀(฀A฀S฀P฀-
F R฀P฀M )  m a c h i n e ,  w h฀i c฀h฀ ฀c฀a฀n฀ ฀e f f฀e฀c฀t฀i฀v฀e฀l฀y฀ ฀r฀e฀d฀u฀c฀e฀ ฀t฀h฀e฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g e  
a n d฀ ฀i฀m p r฀o฀v฀e  ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ c a p a b i฀l฀i฀t฀y฀.฀ ฀D฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ 
฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l  F R฀P฀M฀ ฀m฀a฀c h i n e  w i t h  ฀u฀n i฀f฀o฀r฀m฀ ฀“฀N฀S฀-฀N฀S฀-฀N฀S฀”฀ ฀P฀M฀ 
฀s฀e฀q฀u฀e฀n฀c฀e฀,฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀i฀s฀ ฀g฀e฀o฀m฀e฀t฀r฀i฀c฀a฀l฀l฀y฀ 
฀c฀h฀a r฀a฀c t฀e r฀i฀z฀e฀d฀ ฀b y  a  “ N฀S฀N฀- S฀- N฀S฀N฀”฀ ฀m฀a฀g฀n฀e฀t฀ ฀a฀r฀r฀a฀n฀g฀e฀m฀e฀n฀t฀.฀ 
T h i s  p a p e฀r฀ w฀i฀l฀l฀ ฀b฀e฀ ฀o฀r฀g฀a฀n฀i฀z฀e฀d฀ ฀a฀s฀ ฀f฀o฀l฀l฀o฀w฀s฀.฀ ฀I฀n฀ ฀S฀e฀c฀t฀i฀o฀n฀ ฀I฀I฀,฀ ฀t฀h฀e 
A฀S฀P฀-฀F฀R฀P M฀ ฀t o฀p฀o฀l o g฀y฀,฀ ฀f฀e฀a฀t฀u฀r฀e฀s฀ ฀a฀n฀d  w฀o฀r฀k฀i฀n฀g฀ ฀p฀r฀i฀n฀c฀i฀p฀l฀e฀ ฀a฀r฀e฀ 
฀i n t r o d c e ,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e l y .  ฀T฀h฀e฀n฀,฀ a  s฀i฀m฀p฀l฀i฀f฀i฀e฀d฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀m฀o฀de l  i s฀ 
฀i m฀p฀l฀e฀m฀e฀n฀t e d  ฀t฀o฀ ฀r฀e฀v฀e฀a฀l฀ ฀t฀h฀e  u n d฀e฀r฀l฀y฀i฀n฀g฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ฀s฀u฀p฀p฀r฀es s i o฀n฀ 
฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀t h e฀ A฀S P  d e s i g n  i n  S฀e฀c฀t฀i฀o฀n฀ ฀I฀I฀I฀.  I฀n฀ ฀S฀e฀c฀t฀i฀o฀n฀ ฀I฀V฀,฀ ฀t฀h฀e฀ ฀r฀o฀t฀or  
p o l฀e฀ n u b e฀r฀ ฀i฀s฀ a n a l y t฀i฀c฀a฀l฀l฀y฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀d฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀g฀e฀o฀m฀e฀t฀r฀ic  
฀p฀a฀r฀a฀m฀e t฀e฀r฀s฀ a r฀e฀ ฀g฀l฀o฀b฀a฀l l y  ฀o฀p฀t฀i฀m i฀z฀e d  ฀t฀o฀ ฀i฀m฀p฀r฀o฀v฀e฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ 
฀q u a l i฀t฀y฀.฀ ฀B฀e฀s฀i฀d e s ,  S e c฀t฀i฀o฀n฀ ฀V฀ ฀i฀s฀ ฀d฀e฀v฀o฀t฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ 
฀c o m฀p฀a฀r฀i฀s฀o฀n฀ ฀b e฀t฀w e e n  t h e  A S฀P฀-฀F฀R฀M  ฀a฀n d  ฀i฀t s  c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀F฀R฀P฀M฀ 
m฀a฀c฀h฀i฀n฀e฀ c o u n฀t฀e฀r p a r t .  F฀i n฀a฀l l y ,  ฀t฀h฀e฀ ฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀a฀r฀e฀ 
฀e฀x฀p฀e฀r฀i฀m e n t a l฀l฀y฀ ฀v฀a฀l฀i d฀a฀t฀e฀d฀ i n  S e c t i o฀n  ฀V I ,฀ ฀f฀o฀l฀l฀o฀w฀e฀d฀ ฀b฀y฀ ฀c฀o฀n฀c฀l฀u฀s฀i฀o฀n 
i n  S e c t i o n  V฀I฀I฀. 
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฀T฀h฀e฀ ฀t฀o฀p฀o฀l฀o฀g฀i฀e฀s฀ ฀o฀f฀ ฀1฀2฀-฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀/฀1฀7฀-฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ 
฀F฀R฀P฀M฀ ฀a฀n฀d฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀s฀.฀ ฀1฀(฀a฀)฀ ฀a฀n฀d฀ 
฀(฀b฀)฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ ฀T฀h฀e฀ ฀m฀a฀j฀o฀r฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀s฀e฀ t w o  
฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀l฀i฀e฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀m฀a฀g฀n฀e฀t฀ ฀a฀r฀r฀a฀n฀g฀e฀m฀e฀n฀t฀.฀ ฀E฀a฀c฀h฀ ฀s฀t฀a฀t฀o฀r฀ ฀p฀o฀l฀e  o f฀ 
฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀o฀n฀e฀ ฀c฀a฀r฀r฀i฀e฀s฀ ฀t฀w฀o฀ ฀p฀i฀e฀c฀e฀s฀ ฀o฀f฀ ฀P฀M฀s฀ ฀w฀i฀t฀h฀ ฀a฀l฀t e r n฀a฀t i n฀g฀ 
฀p฀o฀l฀a฀r฀i฀t฀i฀e฀s฀,฀ ฀i฀.฀e฀.฀,฀ ฀“฀N฀S฀-฀N฀S฀-฀N฀S฀-฀…฀”฀[฀1฀0฀]฀-฀[฀1฀5฀]฀,฀ ฀[฀2฀0฀]฀-฀[฀2฀6฀]฀,฀ ฀w฀h฀i฀l฀e฀ t h฀e฀ 
฀A฀S฀P฀ ฀d฀e฀s฀i฀g฀n฀ ฀f฀e฀a฀t฀u฀r฀e฀s฀ ฀a฀s฀y฀m฀m฀e฀t฀r฀i฀c฀ ฀m฀a฀g฀n฀e฀t฀ ฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀,฀ ฀i฀.฀e฀.฀,฀ 
฀“฀N฀S฀N฀-฀S฀-฀N฀S฀N฀…฀”฀.฀ ฀I฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀n฀u฀m฀b฀e฀r฀ ฀o฀f฀ ฀t฀o฀t฀a฀l฀ 
฀P฀M฀ ฀p฀i฀e฀c฀e฀s฀ ฀a฀n฀d฀ ฀m฀a฀g฀n฀e฀t฀ ฀u฀s฀a฀g฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀i฀d฀e฀n฀t฀i฀c฀a฀l฀.฀ 
฀F฀o฀r฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀,฀ ฀t฀h฀e฀ ฀s฀i฀n฀g฀l฀e฀-฀l฀a฀y฀e฀r฀ ฀n฀o฀n฀-฀o฀v฀e฀r฀l฀a฀p฀p฀i฀n฀g฀ 
฀a฀r฀m฀a฀t฀u฀r฀e฀ ฀w฀i฀n฀d฀i฀n฀g฀s฀ ฀a฀r฀e฀ ฀w฀o฀u฀n฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀t฀e฀e฀t฀h฀ ฀h฀a฀v฀i฀n฀g t฀h r฀e฀e฀ 
฀P฀M฀ ฀s฀e฀g฀m฀e฀n฀t฀s฀.฀ ฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀1฀.฀ ฀T฀o฀p฀o฀l฀o฀g฀y฀ ฀o฀f฀ ฀1฀2฀/฀1฀7฀-฀p฀o฀l฀e฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀.฀ ฀(฀a฀)฀ ฀C฀o฀n฀v฀e฀n฀t฀i฀o฀n฀al .  ฀(฀b฀)฀ ฀A฀S P .฀ 
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฀S฀i฀m฀i฀l฀a฀r฀ ฀t฀o฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀s฀t฀a฀t฀o฀r฀ ฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀[฀8฀]฀,฀ ฀t฀h฀e฀ 
฀w฀o฀r฀k฀i฀n฀g฀ ฀p฀r฀i฀n฀c฀i฀p฀l฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀i฀s฀ 
฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀,฀ ฀n฀a฀m฀e฀l฀y฀,฀ ฀t฀h฀e฀ 
฀a฀l฀i฀g฀n฀m฀e฀n฀t฀ ฀a฀n฀d฀ ฀m฀i฀s฀a฀l฀i฀g฀n฀m฀e฀n฀t฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀d฀o฀u฀b฀l฀y฀ ฀s฀a฀l฀i฀e฀n฀t฀ ฀s฀t฀at o r฀ 
฀a฀n฀d฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀s฀ ฀p฀r฀o฀d฀u฀c฀e฀ ฀t฀h฀e฀ ฀b฀a฀s฀i฀c฀a฀l฀l฀y฀ ฀s฀i฀n฀u฀s฀o฀i฀d฀a฀l฀ ฀c฀o฀i฀l f฀l฀u฀x฀ 
฀l฀i฀n฀k฀a฀g฀e฀,฀ ฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀.฀ ฀T฀h฀e฀ ฀o฀p฀e฀n฀-฀c฀i฀r฀c฀u฀i฀t฀ ฀f฀i฀e฀l฀d฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀ti o n s  
฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀t฀o฀ ฀f฀o฀u฀r฀ ฀t฀y฀p฀i฀c฀a฀l฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀s฀ ฀a฀r฀e฀ ฀p฀l฀o฀t฀te d  i n  F g .  
฀3฀.฀ ฀I฀t฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀a฀t฀ ฀a฀l฀t฀h฀o฀u฀g฀h฀ ฀t฀h฀e฀ ฀c฀o฀i฀l฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀ ฀i฀s฀ ฀u฀n฀i฀po l a฀r฀,฀ ฀t h฀e฀ 
฀r฀e฀s฀u฀l฀t฀a฀n฀t฀ ฀p฀h฀a฀s฀e฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀ ฀t฀u฀r฀n฀s฀ ฀o฀u฀t฀ ฀t฀o฀ ฀b฀e฀ ฀b฀i฀p฀o฀l฀a฀r฀ ฀d฀u฀e฀ ฀t฀o  t h e  
฀c฀a฀n฀c฀e฀l฀l฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀D฀C฀ ฀b฀i฀a฀s฀ ฀a฀n฀d฀ ฀e฀v฀e฀n฀-฀o฀r฀d฀e฀r฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀i฀n  ฀t฀h฀e฀ c฀o฀i฀l฀ 
฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀.฀ ฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀o฀b฀t฀a฀i฀n฀ ฀s฀y฀m฀m฀e฀t฀r฀i฀c฀a฀l฀ ฀a฀n฀d฀ ฀b฀i฀po l a p h a฀s฀e  
฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀,฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀/฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀s฀ 1V a n฀d฀ 1U฀ s h฀o฀u l฀d  
฀s฀a฀t฀i฀s฀f฀y฀ ฀[฀8฀]
฀   2 ฀, ฀0฀,฀1฀,฀2 , . .฀.฀,V V U
1 N N*&' 1 1   ฀ ฀( 1฀)฀ 
฀w฀h฀e฀r฀e฀ *&'฀ ฀d฀e฀n฀o฀t฀e฀s฀ ฀t฀h฀e฀ ฀g฀r฀e฀a฀t฀e฀s฀t฀ ฀c฀o฀m฀m฀o฀n฀ ฀d฀i฀v฀i฀s฀o฀r฀.฀ ฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀2฀.฀ ฀F฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀1฀2฀/฀1฀7฀-฀p฀o฀l฀e฀ ฀A S P฀- F฀R฀P M฀ 
฀m฀a฀c฀h฀i฀n฀e฀.฀ ฀(฀a฀)฀ ฀C฀o฀i฀l฀ ฀a฀n฀d฀ ฀p฀h฀a฀s฀e฀-฀A฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀.฀ ฀(฀c฀)฀ ฀H฀a฀r฀m฀o฀n฀i฀c฀ ฀sp e c t r a .฀ 
฀(฀a฀)฀ ฀(฀b฀)฀ 
฀(฀c฀)฀ ฀(฀d฀)฀ 
฀F฀i฀g฀.  ฀3฀.฀ ฀O p e฀r฀a฀t i฀n฀g฀ p r฀i฀n฀c฀i p฀l฀e฀ ฀o฀f  1฀2฀/฀1฀7฀- p o l฀e฀ ฀A฀S฀P -฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀in e .฀ ฀(฀a฀)  șH = 0ż .  ( b )
șH = 9฀0ż฀.  (฀c฀)  șH฀= 1 8 0ż฀.฀ ฀(฀d )฀ șH = 2฀7฀0ż .  
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฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀p฀r฀o฀v฀i฀d฀e฀ ฀i฀n฀s฀i฀g฀h฀t฀f฀u฀l฀ ฀u฀n฀d฀e฀r฀s฀t฀a฀n฀d฀i฀n฀g฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀f฀l฀u฀x฀ 
฀l฀e฀a฀k฀a฀g฀e฀ ฀r฀e฀d฀u฀c฀t฀i฀o฀n฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ 
฀m฀a฀c฀h฀i฀n฀e฀,฀ ฀a฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀c฀i฀r฀c฀u฀i฀t฀ ฀b฀a฀s฀e฀d฀ ฀m฀e฀t฀h฀o฀d฀ ฀c฀o฀u฀p฀l฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ a i r -
฀g฀a฀p฀ ฀p฀e฀r฀m฀e฀a฀n฀c฀e฀ ฀m฀o฀d฀e฀l฀ ฀[฀8฀]฀ ฀i฀s฀ ฀e฀m฀p฀l฀o฀y฀e฀d฀.฀ 
฀F฀i฀r฀s฀t฀,฀ ฀w฀e฀ ฀a฀n฀a฀l฀y฀z฀e฀ ฀t฀h฀e฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀s฀ ฀o฀f฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀a฀n฀d฀ A฀S฀P฀-
฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀b฀y฀ ฀u฀s฀i฀n฀g฀ ฀t฀h฀e฀ ฀i฀d฀e฀a฀l฀ ฀s฀l฀o฀t฀l฀e฀s฀s฀ ฀m฀o฀d฀e฀l฀s฀ ฀a฀s฀ ฀s h฀o฀w฀n฀ ฀i฀n฀ 
฀F฀i฀g฀.฀ ฀4฀.฀ ฀O฀b฀v฀i฀o฀u฀s฀l฀y฀,฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀s฀i฀m฀p฀l฀i฀f฀i฀e฀d฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀c฀i฀r฀c฀u฀i฀t฀ 
฀m฀o฀d฀e฀l฀s฀,฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀p฀o฀l฀e฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ĭį 1฀ ฀p฀e฀r฀ ฀s฀t฀a฀t o฀r฀ ฀p฀o฀l฀e฀ ฀o฀f฀ t h฀e฀ 
฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀e฀x฀p฀r฀e฀s฀s฀e฀d฀ ฀a฀s฀ 
฀ ฀1 ฀2 ฀=฀2 ฀2G)
P P
P J P J
) )
5 5 5 5   ฀ ฀(฀2฀)฀ 
฀w฀h฀e฀r฀e฀ )P  ฀a฀n฀d฀ 5P  d฀e฀n฀o฀t฀e฀ ฀t฀h฀e฀ ฀m฀a฀g฀n฀e฀t฀o฀-฀m฀o฀t฀i฀v฀e฀-฀f฀o฀r฀c฀e฀ ฀a฀n฀d฀ 
฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀o฀f฀ ฀o฀n฀e฀ ฀P฀M฀ ฀s฀e฀g฀m฀e฀n฀t฀,฀ ฀a฀n฀d฀ 5J฀ ฀i s t h e  a i฀r -฀g฀a฀p฀ 
฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀u฀n฀d฀e฀r฀ ฀o฀n฀e฀ ฀P฀M฀ ฀p฀o฀l฀e฀.฀ ฀I฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ 
฀t฀h฀e฀ ฀i฀r฀o฀n฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀i฀s฀ ฀i฀g฀n฀o฀r฀e฀d฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀c฀a฀s฀e฀ ฀d u e  t o  t฀h฀e฀ 
฀r฀e฀l฀a฀t฀i฀v฀e฀l฀y฀ ฀s฀h฀o฀r฀t฀ ฀l฀e฀a฀k฀a฀g฀e฀ ฀p฀a฀t฀h฀.฀ ฀H฀e฀n฀c฀e฀,฀ ฀t฀h฀e฀ ฀t฀o฀t฀a฀l฀ ฀f฀l฀u฀x฀ ฀le a k a g e  o f฀ ฀a฀l฀l฀ 
฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀p฀o฀l฀e฀s฀ ĭįV฀1฀ a฀r e  y i e l d e฀d฀ ฀a฀s฀ 
฀ ฀1 ฀1 ฀1฀2฀1฀2 ฀=PV
P J
)
5 5G G) )  ฀ ฀(฀3฀)฀ 
฀S฀i฀n฀c฀e฀ ฀t฀h฀e฀r฀e฀ ฀i฀s฀ ฀b฀a฀r฀e฀l฀y฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀i฀n฀g฀ ฀c฀o฀i฀l฀ ฀A฀1฀ ฀f฀o r฀ ฀t฀h e฀ 
฀s฀l฀o฀t฀l฀e฀s฀s฀ ฀m฀o฀d฀e฀l฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀ ฀t฀h฀e฀ ฀c฀o฀il  ฀f฀l฀u฀x฀ 
฀l฀i฀n฀k฀a฀g฀e฀ ฀t฀u฀r฀n฀s฀ ฀o฀u฀t฀ ฀t฀o฀ ฀b฀e฀ ฀b฀i฀p฀o฀l฀a฀r฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀m฀o฀d฀u฀l฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀o฀t฀o฀r฀ 
฀s฀a฀l฀i฀e฀n฀c฀e฀.฀ ฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀4฀.฀ ฀S฀l฀o฀t฀l฀e฀s฀s฀ ฀m฀o฀d฀e฀l฀s฀ ฀o฀f฀ ฀(฀a฀)฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀a฀n฀d฀ ฀(฀b฀)฀ ฀A฀S฀P฀-F R฀P฀M  m฀a฀c฀h฀i฀n฀e฀s฀.฀ 
฀O฀n฀ ฀t฀h฀e฀ ฀o฀t฀h฀e฀r฀ ฀h฀a฀n฀d฀,฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀s฀y฀m฀m฀e฀t฀r฀y฀,฀ ฀o฀n฀e฀ ฀u฀n฀i฀t฀ ฀o฀f฀ ฀t฀h฀e฀ 
฀s฀l฀o฀t฀l฀e฀s฀s฀ ฀m฀o฀d฀e฀l฀ ฀o฀f฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀i฀s฀ ฀t฀a฀k฀e฀n฀ ฀a฀s฀ ฀a฀n฀ ฀e฀x฀a฀mp l e  
฀a฀s฀ ฀i฀l฀l฀u฀s฀t฀r฀a฀t฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀4฀(฀b฀)฀.฀ ฀T฀h฀e฀ ฀u฀n฀i฀t฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀s฀u฀b฀d i v i d e d  
฀i฀n฀t฀o฀ ฀4฀ ฀p฀o฀r฀t฀i฀o฀n฀s฀.฀ ฀D฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀s฀y฀m฀m฀e฀t฀r฀y฀,฀ ฀t฀h฀e฀ ฀m฀i฀d฀d฀l฀e฀ ฀t฀w฀o฀ ฀p฀o฀r฀t฀i฀o฀n฀s฀ 
฀s฀u฀f฀f฀e฀r฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀p฀o฀l฀e฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀,฀ ฀w฀h฀i฀l฀e฀ ฀t฀h฀e฀ ฀s฀i฀d฀e฀d฀ ฀tw฀o฀ 
฀p฀o฀r฀t฀i฀o฀n฀s฀ ฀p฀r฀o฀d฀u฀c฀e฀s฀ ฀“฀e฀f฀f฀e฀c฀t฀i฀v฀e฀”฀ ฀f฀l฀u฀x฀.฀ ฀C฀o฀n฀s฀e฀q฀u฀e฀n฀t฀l฀y฀,฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀po฀l฀e฀ 
฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ĭį฀2฀ ฀i฀n฀ ฀o฀n฀e฀ ฀w฀o฀u฀n฀d฀ ฀s฀t฀a฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀b฀y฀ 
฀ ฀2 ฀2฀2 ฀=฀2 ฀2 ฀2 ฀2
P P
P P J J P J
) )
5 5 5 5 5 5G)  u     ฀ ฀(฀4฀)฀ 
T฀h฀u฀s฀,฀ ฀f o฀r  t฀h฀e฀ ฀A S P฀- F R฀P฀M  ฀m a c h i n e ,  t฀h฀e฀ ฀e฀n฀t฀i฀r฀e฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ฀o฀f  
฀a฀l฀l฀ ฀t h e  ฀s฀t฀a฀t฀o฀r฀ p o฀l e s  ĭįV 2฀ a r e  
฀ 2 ฀1 ฀6฀6 ฀= PV
P J
)
5 5G G) )  ฀ ฀(฀5฀)฀ 
฀F฀r฀o฀m฀ ฀(฀2฀)฀ ฀a฀n฀d฀ ฀(฀5฀)฀,฀ ฀i฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀d฀e฀r฀i฀v฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀o฀v฀e฀r฀a฀l฀l฀ ฀f฀l฀u฀x฀ 
฀l฀e฀a฀k฀a฀g฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀i฀s฀ ฀h฀a฀l฀f฀ ฀o฀f฀ ฀t฀h฀a฀t฀ ฀o฀f฀ ฀t฀h฀e฀ 
฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀.฀ ฀T฀h฀a฀t฀ ฀i฀s฀ ฀t฀o฀ ฀s฀a฀y฀,฀ ฀t฀h฀e฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ 
฀r฀e฀d฀u฀c฀t฀i฀o฀n฀ ฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀A฀S฀P฀ ฀d฀e฀s฀i฀g฀n฀ ฀i฀s฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀l฀y฀ ฀i฀d฀e฀n฀t฀i฀f฀i฀e d .฀ 
฀M฀o฀r฀e฀o฀v฀e฀r฀,฀ ฀i฀t฀s฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀p฀e฀r฀ ฀w฀o฀u฀n฀d฀ ฀s฀t฀a฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀e฀x฀p฀r฀e s฀s฀e d  
฀a฀s฀ ฀ 
฀ 2 ฀2฀2 =฀2 ฀2 ฀2 ฀2
฀4
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฀ ฀(฀6฀)฀ 
฀w฀h฀e฀r฀e฀ 5V  i฀s฀ ฀t฀h฀e฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀i฀r฀o฀n฀ ฀p฀a฀r฀t฀.฀ 
฀H฀e฀n฀c฀e฀,฀ ฀t฀h฀i฀s฀ ฀b฀i฀a฀s฀e฀d฀ ฀f฀l฀u฀x฀ ĭP 2฀ ฀i฀n฀ ฀t h฀e฀ ฀p฀r o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀ ฀d฀e฀s฀i฀g฀n฀ ฀r฀e฀s฀u฀l฀t฀s฀ 
฀i฀n฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀ ฀w฀h฀e฀n฀ ฀t฀h฀e฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ ฀m฀o฀d฀u฀l฀a฀t฀i o  
฀w฀o฀r฀k฀s฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀r฀o฀t฀o฀r฀ ฀s฀a฀l฀i฀e฀n฀t฀ ฀p฀o฀l฀e฀s฀.฀ ฀I฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀he
฀a฀b฀o฀v฀e฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀a฀n฀a฀l฀y฀s฀e฀s฀ ฀a฀r฀e฀ ฀e฀m฀p฀l฀o฀y฀e฀d฀ ฀t฀o฀ ฀s฀i฀m฀p฀l฀y฀ 
฀q฀u฀a฀n฀t฀i฀t฀a฀t฀i฀v฀e฀l฀y฀ ฀c฀o฀n฀f฀i฀r฀m฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ 
s h o w  l e s s o v฀e฀r a l l  P M฀ ฀f฀l u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀na l  ฀o n e .  
I  ฀o r฀d e r  ฀t฀o฀ c฀o฀n฀f฀i r  t e  r a t i o n a฀l i t฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀a฀nl y s e s ,  
t h e  o p e n -฀c r c u i t  f i฀e฀l฀d฀ d฀i฀s฀t฀r i b u t i o฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀hi฀n฀e฀s฀ 
฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀5฀.฀ ฀A฀p฀p฀a฀r฀e฀n฀t฀l฀y฀,฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀F฀R฀P฀M฀ 
฀m฀a฀c฀h฀i฀n฀e฀ ฀s฀h฀o฀w฀s฀ ฀m฀o฀r฀e฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o s e฀d  
฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀ ฀a฀s฀ ฀e฀v฀i฀d฀e฀n฀c฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ 
฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀o฀n฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀y฀o฀k฀e฀.฀ 
฀(฀a฀)฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀5฀.฀ ฀O฀p฀e฀n฀-฀c฀i฀r฀c฀u฀i฀t฀ ฀f฀i฀e฀l฀d฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀p฀l฀o฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ 1 2 / 1 7฀- p o l e  ฀F฀R P M฀ 
฀m฀a฀c฀h฀i฀n฀e฀s฀.฀ ฀(฀a฀)฀ ฀C฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀.฀ ฀(฀b฀)฀ ฀A฀S฀P฀.฀ 
F i฀g฀.฀ ฀6 .฀ ฀S฀i m฀p l฀i฀f i e฀d฀ ฀p฀e฀r m e a฀n฀c฀e  ฀m o฀d฀e฀l฀ o฀f฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀.฀ 
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฀S฀i฀m฀i฀l฀a฀r฀ ฀t฀o฀ ฀o฀t฀h฀e฀r฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀[฀1฀5฀]฀ ฀[฀2฀2฀]฀ ฀[฀2฀3฀]฀,  
฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀ ฀a฀s฀ ฀a฀ ฀f฀l฀u฀x฀-
฀m฀o฀d฀u฀l฀a฀t฀i฀o฀n฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀w฀o฀r฀k฀i฀n฀g฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀“฀m฀a฀g฀n฀e฀t฀i฀c฀-฀g฀e฀a฀r฀i฀n฀g฀ 
฀(฀M฀G฀)฀ ฀e฀f฀f฀e฀c฀t฀”฀.฀ ฀T฀h฀e฀ ฀s฀i฀m฀p฀l฀i฀f฀i฀e฀d฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀m฀o฀d฀e฀l฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀A฀S฀P฀-
฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀c฀c฀o฀u฀n฀t฀i฀n฀g฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀r฀o฀t฀o฀r฀ ฀s฀l฀o฀t฀t฀i฀n฀g฀,฀ ฀a฀r฀e฀ ฀i฀l฀l฀u฀s฀t฀r฀at e d  
฀i฀n฀ ฀F฀i฀g฀.฀ ฀6฀.฀ ฀T฀h฀e฀ ฀s฀t฀a฀t฀i฀o฀n฀a฀r฀y฀ ฀P฀M฀ ฀f฀i฀e฀l฀d฀s฀ ฀a฀r฀e฀ ฀m฀o฀d฀u฀l฀a฀t฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ r o t a t i n g฀ 
฀i฀r฀o฀n฀ ฀p฀o฀l฀e฀s฀,฀ ฀y฀i฀e฀l฀d฀i฀n฀g฀ ฀a฀b฀u฀n฀d฀a฀n฀t฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀w฀h฀i฀c฀h฀ 
฀e฀n฀g฀a฀g฀e฀ ฀i฀n฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀. 
฀F฀i฀r฀s฀t฀,฀ ฀t฀h฀e฀ ฀e฀x฀c฀i฀t฀a฀t฀i฀o฀n฀ ฀M฀M฀F฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ )P฀ ฀c฀a n  b e  ฀e฀x฀p฀r฀e s฀s฀e฀d฀ 
฀a฀s฀ ฀i฀t฀s฀ ฀F฀o฀u฀r฀i฀e฀r฀ ฀s฀e฀r฀i฀e฀s฀ ฀e฀x฀p฀a฀n฀s฀i฀o฀n฀ ฀ 
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฀w฀h฀e฀r฀e฀ 1V  i฀s฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀n฀u฀m฀b฀e฀r฀,฀ șV ฀i฀s฀ ฀t฀h฀e  ฀r฀e l฀a฀t฀i v  a฀n฀g฀u฀l฀a฀r฀ 
฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀,฀ ฀a฀n฀d฀ )PL  ฀d e n o t e฀s฀ t h e฀ P฀M  ฀M฀M฀F฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀c฀a฀n฀ 
฀b฀e฀ ฀e฀x฀p฀r฀e฀s฀s฀e฀d฀ ฀a฀s฀ 
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฀฀฀฀฀฀฀(฀8฀)฀ 
฀w฀h฀e฀r฀e฀ %UP  i s฀ ฀t฀h฀e฀ ฀r฀e฀m฀a฀n฀e฀n฀c฀e฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀o฀f฀ ฀P฀M฀,฀ KSP฀ i s t h e  P M฀ 
฀t฀h฀i฀c฀k฀n฀e฀s฀s฀,฀ ȕ  i฀s฀ ฀t฀h฀e฀ ฀p฀o฀l฀e฀-฀a฀r฀c฀ ฀r฀a฀t฀i฀o฀,฀ ฀w฀h฀i฀c฀h฀ ฀d฀e฀n฀o฀t฀e฀s฀ ฀t฀h฀e฀ ฀r฀a฀t฀i฀o฀ ฀o฀f฀ ฀t฀h฀e฀ 
฀P฀M฀ ฀a฀r฀c฀ ฀a฀n฀g฀l฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀a฀r฀c฀ ฀a฀n฀g฀l฀e฀ ฀p฀e฀r฀ ฀p฀o฀l฀e฀.฀ ฀B฀e฀s฀i฀d฀e฀s฀,฀ ฀t฀h฀e฀ ฀a฀i฀r฀-
฀g฀a฀p฀ ฀p฀e฀r฀m฀e฀a฀n฀c฀e฀ ȁU (șV ,฀ șU )฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀r฀o฀t฀o฀r฀ ฀s฀l฀o฀t฀t฀i฀n฀g฀ ฀c฀a฀n฀ ฀b฀e฀ ฀g฀i฀v฀e฀n฀ 
฀b฀y฀ ฀i฀g฀n฀o฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀h฀i฀g฀h฀-฀o฀r฀d฀e฀r฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀,฀ ฀i฀.฀e฀.฀ ฀[฀2฀6฀]฀ 
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฀w฀h฀e฀r฀e฀ 1U  i฀s฀ ฀t฀h฀e฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀,฀ șU฀ ฀i฀s฀ ฀t฀h฀e฀ ฀r฀e฀l a t฀i฀v฀e฀ a฀n฀g฀u฀l฀a฀r฀ 
฀p฀o฀s฀i฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀o฀t฀o฀r฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀e฀q฀u฀i฀v฀a฀l฀e฀n฀t฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀l฀e฀n฀g฀t฀h฀ į฀(șV฀,฀ șU )฀ 
฀c฀a฀n฀ ฀b฀e฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀b฀y฀ 
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฀ ฀(฀1฀0฀)฀ ฀ 
฀w฀h฀e฀r฀e฀ ฀t฀h฀e฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ D 0 ,DQ฀ ฀a฀n฀d฀ EQ฀ ฀a r฀e฀ ฀e฀x฀p฀r e s฀s฀e฀d฀ ฀a฀s฀ 
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 ฀(฀1฀3฀)฀ 
฀w฀h฀e฀r฀e฀ ȕV฀ ฀d฀e฀n฀o฀t฀e฀s฀ ฀t฀h฀e฀ ฀r฀o฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀o฀p฀e฀n฀i฀n฀g฀ ฀r฀a฀t฀i฀o฀,฀ 5UR  i s  t h e  r o t o r  
฀o฀u฀t฀e฀r฀ ฀r฀a฀d฀i฀u฀s฀.฀ ฀T฀h฀e฀ ฀r฀e฀s฀u฀l฀t฀a฀n฀t฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ %U฀(șVșU )  ฀c฀a n  b e
฀o฀b฀t฀a฀i฀n฀e฀d฀ ฀a฀s฀ ฀ 
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฀ ฀(฀1฀4฀)฀ 
฀T฀h฀e฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀ ฀o฀f฀ ฀c฀o฀i฀l฀ ฀A฀1  c a n  b f u r t h e r  e฀x฀p฀r฀e฀s฀s฀e฀d฀ ฀a฀s฀ ฀[฀2฀3฀]฀ 
฀ 
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฀(฀1฀5฀)฀ 
฀w฀h฀e฀r฀e฀ 1F  i฀s฀ ฀t฀h฀e฀ ฀n฀u฀m฀b฀e฀r฀ ฀o฀f฀ ฀t฀u฀r฀n฀s฀ ฀p฀e฀r฀ ฀c฀o฀i฀l฀,฀ /VWN฀ ฀i฀s฀ t h฀e฀ ฀e฀f f e฀c t i v e  
฀s฀t฀a฀c฀k฀ ฀l฀e฀n฀g฀t฀h฀,฀ 5VL฀ ฀i฀s฀ t h e  s฀t฀a฀t฀o฀r฀ ฀i฀n฀n฀e฀r฀ ฀r฀a฀d฀i฀u฀s฀.฀ ฀S฀i฀n฀c฀e฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀c฀o฀i฀l฀s฀ ฀A฀1฀ 
฀a฀n฀d฀ ฀A2฀ ฀a฀r฀e฀ ฀w฀i฀t฀h฀ ฀1฀8฀0฀ ฀e฀l฀e฀c฀t฀r฀i฀c฀a฀l฀ ฀d฀e฀g฀r฀e฀e฀s฀ ฀p฀h฀a฀s฀e฀ ฀s฀h฀i฀f฀t฀i฀n฀g฀,฀ ฀t฀h฀e฀ ฀f฀l฀u฀x฀ 
฀l฀i฀n฀k฀a฀g฀e฀ ฀o฀f฀ ฀c฀o฀i฀l฀ ฀A฀2  c a n b e  a n฀a฀l฀o฀g฀o฀u฀s฀l฀y฀ ฀g฀i฀v฀e฀n฀ ฀b฀y฀ ฀ 
฀2
฀0฀,฀1฀,฀2
฀2s฀i฀n฀[ ( ฀) ]฀c฀o s [฀( ฀) ]฀2 ฀2
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฀ ( 1 6 )  
A฀s฀ ฀a  r e s u฀l t ,  t h e  o p e฀n - c i r฀c u i฀t  p h฀a฀s฀e฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀ ȌP฀ ฀i฀s  g฀i฀v฀e฀n฀ 
฀b฀y฀ ฀s฀y฀n฀t฀h฀e฀s฀i฀z฀i฀n฀g฀ ฀t h฀e฀ ฀f฀l u x  l฀i฀n฀k฀a฀g e s฀ ฀o฀f฀ ฀t฀w฀o฀ ฀o฀p฀p฀o฀s฀i฀t฀e฀l฀y฀ ฀c฀o฀n฀n฀e฀c฀t฀e฀d฀ 
฀c฀o฀i฀l฀s฀ ฀A฀1  a n d฀ A2฀ 
฀ ฀1 ฀2=P $ $\ \ \ ฀ ฀(฀1฀7฀)฀ 
฀D฀u฀e฀ ฀t฀o฀ ฀i฀t฀s฀ ฀n฀e฀g฀l฀i฀g฀i฀b฀l฀e฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀t฀o฀r฀q฀u฀e฀,฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀e฀q฀u฀a฀t฀i฀o฀n฀ 
฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀e฀x฀p฀r฀e฀s฀s฀e฀d฀ ฀a฀s฀ 
 ฀3฀2H U P T7 1 ,<  ฀(฀1฀8฀)฀ 
฀w฀h฀e฀r฀e฀ 7H฀ ฀d฀e฀n฀o฀t฀e฀s฀ ฀t฀h฀e฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀e฀l฀e฀c฀t฀r฀o฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀t฀o฀r฀q฀u฀e฀,฀ ฀a฀n฀d฀ ,T฀ ฀i s  
฀t฀h฀e฀ T฀-฀a฀x฀i฀s฀ ฀c฀u฀r฀r฀e฀n฀t฀.฀ ฀ 
฀T฀h฀e฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀l฀y฀ ฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀t฀o฀r฀q฀u฀e฀s฀ ฀u฀n฀d฀e฀r฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀le  
฀n฀u฀m฀b฀e฀r฀ ฀a฀r฀e฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀F฀E฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀7฀.฀ ฀I฀t฀ ฀s฀h฀o฀w฀s฀ ฀t฀h a฀t฀ 
฀t฀h฀e฀ ฀1฀2฀-฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀/฀1฀7฀-฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀h฀a฀s฀ ฀t฀h฀e฀ 
฀h฀i฀g฀h฀e฀s฀t฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀s฀e฀l฀e฀c฀t฀e฀d฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ 
฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀i฀o฀n฀.฀ 
฀ ฀F฀i฀g฀.฀ ฀7฀.฀ ฀F฀E฀ ฀a฀n฀d฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀t฀o฀r฀q฀u฀e฀s฀ ฀u฀n฀d฀e฀r฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀r฀o฀to r  ฀p o l e  n u m฀b฀e฀r฀.฀ 
% 3DUDPHWULF2SWLPL]DWLRQ
฀T h e  m฀u฀l฀t฀i฀-฀o฀b฀j฀e฀c฀t฀i฀v฀e฀ ฀g฀e฀n฀e฀t฀i฀c฀ ฀a฀l฀g฀o฀r฀i฀t฀h฀m฀ ฀(฀G฀A฀)฀ ฀e฀m฀b฀e฀d฀d฀e฀d฀ ฀i฀n฀ 
฀J฀M฀A฀G฀ ฀1฀5฀.฀1฀ ฀s฀o฀f฀t฀w฀a฀r฀e฀ ฀p฀a฀c฀k฀a฀g฀e฀ ฀i฀s฀ ฀e฀m฀p฀l฀o฀y฀e฀d฀ ฀t฀o฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀ ฀t฀h฀e฀ 
฀t฀o฀r฀q฀u฀e฀ ฀q฀u฀a฀l฀i฀t฀y฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀o฀v฀e฀r฀a฀l฀l฀ ฀d฀i฀m฀e฀n฀s฀i฀o฀n฀s,  
฀t฀h฀e฀ ฀s฀l฀o฀t฀ ฀p฀a฀c฀k฀i฀n฀g฀ ฀f฀a฀c฀t฀o฀r฀ ฀o฀f฀ ฀0฀.฀5฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀r฀a฀t฀e฀d฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀o฀f฀ 
5 A฀/฀m฀m฀2฀.฀ T฀h฀e฀ ฀g฀e฀o฀m฀e฀t฀r฀i฀c฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀a฀r฀e฀ ฀d฀e฀f฀i฀n฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀8฀,฀ ฀a฀n฀d฀ 
฀t฀h฀e฀i฀r฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀s฀c฀o฀p฀e฀s฀ ฀a฀r฀e฀ ฀l฀i฀s฀t฀e฀d฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀I฀.฀ ฀a฀l฀l฀ ฀th e  d e s i g n  
฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀a฀r฀e฀ ฀g฀l฀o฀b฀a฀l฀l฀y฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀d฀ ฀w฀i฀t฀h฀ ฀m฀u฀l฀t฀i฀-฀o฀b฀j฀e฀c฀t฀i฀v฀e฀ ฀g฀e฀ne฀t i c  
฀a฀l฀g฀o฀r฀i฀t฀h฀m฀ ฀[฀2฀8฀]฀-฀[฀3฀0฀]฀,฀ ฀w฀h฀i฀c฀h฀ ฀c฀a฀n฀ ฀b฀e฀ ฀e฀m฀p฀l฀o฀y฀e฀d฀ ฀t฀o฀ ฀a฀c฀h฀i฀e฀v฀e฀ ฀a฀n฀ 
฀o฀p฀t฀i฀m฀u฀m฀ ฀d฀e฀s฀i฀g฀n฀ ฀w฀i฀t฀h฀o฀u฀t฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀i฀z฀a฀t฀i฀o฀n฀ ฀s฀e฀q฀u฀e฀n฀c฀e .฀ 
฀M฀e฀a฀n฀w฀h฀i฀l฀e฀,฀ ฀t฀h฀e฀ ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t฀ ฀r฀a฀n฀g฀e฀s฀ ฀a฀r฀e฀ ฀a฀s฀s฀i฀g฀n฀e฀d฀ ฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀a฀v฀o฀i฀d฀ 
฀t฀h฀e฀ ฀c฀o฀n฀f฀l฀i฀c฀t฀s฀ ฀a฀n฀d฀ ฀e฀r฀r฀o฀r฀s฀ ฀d฀u฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀g฀e฀o฀m฀e฀t฀r฀i฀c฀ ฀m฀o฀d฀e฀l฀i฀n฀g฀ ฀p฀r฀o฀c฀e฀s฀s฀.฀ 
฀o฀p฀t฀i฀m฀i฀z฀a฀t฀i฀o฀n฀ ฀g฀o฀a฀l฀ ฀i฀s฀ ฀t฀o฀ ฀s฀i฀m฀u฀l฀t฀a฀n฀e฀o฀u฀s฀l฀y฀ ฀m฀a฀x฀i฀m฀i฀z฀e฀ ฀t฀h฀e฀ ฀a฀v฀e r฀a g e  
฀t฀o฀r฀q฀u฀e฀ ฀(7DYH )฀ ฀a฀n฀d฀ ฀m฀i฀n฀i฀m฀i฀z฀e฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀ ฀(7ULS฀) , o f  w฀h฀i฀c฀h฀ t h฀e฀ 
฀w฀e฀i฀g฀h฀t฀ ฀f฀a฀c฀t฀o฀r฀s฀ ฀a฀r฀e฀ ฀1฀.฀0฀ ฀a฀n฀d฀ ฀0฀.฀5฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ ฀T฀h฀e฀ ฀s฀e฀t฀t฀i฀n฀g฀s฀ ฀o฀f฀ ฀G฀A฀ 
฀a฀r฀e฀ ฀a฀s฀ ฀f฀o฀l฀l฀o฀w฀s฀:฀ ฀t฀h฀e฀ ฀p฀o฀p฀u฀l฀a฀t฀i฀o฀n฀ ฀s฀i฀z฀e฀,฀ ฀m฀a฀t฀i฀n฀g฀ ฀p฀o฀o฀l฀ ฀s฀i฀z฀e฀, i n d i v i฀d u a l  
฀c r o s s o v e r  p r o b a b฀i฀l i t y฀ ฀a฀n฀d฀ ฀m฀u฀t฀a฀t฀i฀o฀n฀ ฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀y฀ ฀a฀r฀e฀ ฀2฀0฀,฀ ฀2฀0฀,฀ ฀0฀. 5  
฀a฀n฀d฀ ฀1฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ 
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฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀8฀.฀ ฀I฀l฀l฀u฀s฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀d฀e฀s฀i฀g฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀o฀f฀ ฀(฀a฀)฀ ฀A฀S฀P-฀ ฀a฀n฀d฀ ฀(฀b฀)฀ ฀c฀o฀n฀v฀e฀n t฀i฀o฀n฀a฀l฀ ฀F฀R฀P M฀ 
฀m฀a฀c฀h฀i฀n฀e฀s฀.฀ 
฀T฀A฀B฀L฀E฀ I  
฀R฀A฀N฀G฀E฀ ฀O฀F฀ D฀E S I฀G฀N฀ PA R A฀M฀E฀T฀E฀R฀S฀ ฀O฀F฀ ฀1฀2฀/฀1 7 - PO L฀E฀ A S฀P฀-฀ A N฀D฀ C฀O฀N฀V฀E฀N฀T฀I฀O฀N฀A฀L฀ 
฀F฀R฀P฀M M฀A฀C฀H฀I฀N฀E฀ 
฀P฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀R฀a฀n฀g฀e฀ 
฀S฀t฀a฀t฀o฀r฀ ฀i฀n฀n฀e฀r฀ ฀d฀i฀a฀m฀e฀t฀e฀r฀ 'VL฀ ฀5฀0฀~฀7฀0฀m฀m฀ ฀W฀o฀u฀n฀d฀ ฀s฀t฀a฀t฀o฀r฀ ฀t฀o฀o฀t฀h฀ ฀w฀i฀d฀t฀h฀ OF฀ 2฀~ 1฀2฀ ฀m฀m฀ ฀U฀n฀w฀o฀u฀n฀d฀ ฀s฀t฀a฀t฀o฀r฀ ฀t฀o฀o฀t฀h฀ ฀w฀i฀d฀t฀hO[฀ ฀2฀~1฀2 m฀m ฀P฀M฀ ฀w฀i฀dt h฀ OSP฀ ฀5฀~฀1฀4฀ ฀d฀e฀gr฀e e s ฀P฀M฀ ฀t฀h฀i฀c฀k฀n฀e฀s฀s฀ KSP฀ ฀0฀.฀5฀~฀5 m฀m ฀S฀t฀a฀t฀o฀r฀ ฀t฀o฀o฀t฀h฀ ฀t฀i฀p฀ ฀h฀e฀i฀g฀h฀t฀ KVW฀1  0 . 5 ~฀4 ฀m฀m ฀S฀t฀a฀t฀o฀r฀ ฀b฀a฀c฀k฀ ฀i฀r฀o฀n฀ K\฀ ฀0฀.฀5฀~฀5฀ ฀m฀m฀ ฀R฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀h฀e฀i฀g฀h฀t฀ KUW฀ ฀2฀~฀7฀ ฀m฀m฀ 
฀R฀o฀t฀o฀r฀ ฀t฀o฀o฀t฀h฀ ฀w฀i฀d฀t฀h฀ OUW฀ ฀1฀~฀1฀0฀ ฀d฀e฀gr e s฀ 
฀F฀i฀g฀.฀ ฀9฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀i฀z฀a฀t฀i฀o฀n฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S P -  
฀a฀n฀d฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀,฀ ฀t฀h฀e฀ ฀c฀a฀s฀e฀ ฀w฀i฀t฀h฀ ฀“7DYH ≈฀6฀.฀6฀5฀N฀m฀”฀ 
฀a฀n฀d฀ ฀“7ULS ≈ 3฀.฀5฀%฀”฀ ฀a฀r฀e฀ ฀s฀e฀l฀e฀c฀t฀e฀d฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀A฀S฀P฀ ฀c฀a฀s฀e฀,฀ ฀w฀h฀i฀l฀e฀ 
฀“7DYH฀≈฀5฀.฀3฀4฀N฀m฀”฀ ฀a฀n฀d฀ ฀“7ULS฀≈฀2 .฀4฀% ”฀ ฀a฀r฀e฀ ฀c฀h฀o฀s฀e฀n฀ ฀f฀o฀r฀ ฀t฀h฀e฀ 
฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀c฀a฀s฀e฀ ฀i฀n฀ ฀t฀h฀e฀ ฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀i฀o฀n฀.฀ ฀T฀h฀i฀s฀ ฀c฀a฀n฀ ฀w฀e฀ll  
฀b฀a฀l฀a฀n฀c฀e฀ ฀t฀h฀e฀ ฀t฀r฀a฀d฀e฀-฀o฀f฀f฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀a฀n฀d฀ t฀h฀e฀ 
฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀.฀ ฀ 
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฀B฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀g฀l฀o฀b฀a฀l฀l฀y฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀d฀ ฀d฀e฀s฀i฀g฀n฀ ฀a฀s฀ ฀a฀ ฀b฀e฀n฀c฀h฀m฀a฀r฀k฀,฀ ฀o฀n฀l฀y฀ 
฀p฀a฀r฀t฀s฀ ฀o฀f฀ ฀d฀e฀s฀i฀g฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀t฀h฀a฀t฀ ฀a฀r฀e฀ ฀i฀d฀e฀n฀t฀i฀f฀i฀e฀d฀ ฀a฀s฀ ฀d฀o฀m฀i฀n฀a฀n฀t฀ o฀n฀e s  
฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀i฀n฀ ฀p฀r฀e฀v฀i฀o฀u฀s฀ ฀r฀e฀l฀e฀v฀a฀n฀t฀ ฀l฀i฀t฀e฀r฀a฀t฀u฀r฀e฀s฀ ฀[฀2฀8฀]฀-฀[฀3฀0฀]฀ ฀a฀r฀e฀ ฀s฀e฀l฀e฀c฀t฀e฀d .฀ 
฀T฀h฀e฀n฀,฀ ฀t฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀s฀ ฀o฀f฀ ฀t฀h฀o฀s฀e฀ ฀s฀e฀l฀e฀c฀t฀e฀d฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀o฀n฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ 
฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀a฀r฀e฀ ฀e฀v฀a฀l฀u฀a฀t฀e฀d฀ ฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀r฀e฀v฀e฀a฀l฀ ฀s฀o฀m฀e฀ ฀u฀s฀e฀f฀u฀l฀ ฀d฀e฀s฀i฀g฀n  
฀g฀u฀i฀d฀e฀l฀i฀n฀e฀s฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀[฀1฀2฀]฀.฀ 
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฀T฀h฀e฀ ฀s฀p฀l฀i฀t฀ ฀r฀a฀t฀i฀o฀ ฀i฀s฀ ฀d฀e฀f฀i฀n฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀r฀a฀t฀i฀o฀ ฀o฀f฀ ฀t฀h฀e฀ ฀i฀n฀n฀e฀r฀ ฀s฀t฀a฀t฀o r  
฀d฀i฀a฀m฀e฀t฀e฀r฀ ฀t฀o฀ ฀t฀h฀e฀ ฀o฀u฀t฀e฀r฀ ฀s฀t฀a฀t฀o฀r฀ ฀d฀i฀a฀m฀e฀t฀e฀r฀.฀ ฀F฀i฀g฀.฀ ฀1฀0฀(฀a฀)฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀e฀ 
฀v฀a฀r฀i฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀s฀p฀l฀i฀t฀ ฀r฀a฀t฀i฀o฀.฀ ฀I฀t฀ ฀s฀ho w฀s฀ t h a฀t  
฀f฀o฀r฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀c฀a฀s฀e฀s฀,฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀s฀e฀s฀ ฀f฀i฀r฀s฀t฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀n฀ ฀d฀r฀o฀p฀s฀ ฀s฀t฀ea d i l y  
฀w฀h฀e฀n฀ ฀t฀h฀e฀ ฀s฀p฀l฀i฀t฀ ฀r฀a฀t฀i฀o฀ ฀e฀x฀c฀e฀e฀d฀s฀ ฀0฀.฀6฀.฀ ฀T฀h฀i฀s฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀a฀t฀t฀r฀i฀b฀u฀t฀e฀d฀ t o  ฀t฀h฀e฀ 
฀f฀a฀c฀t฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀P฀M฀ ฀a฀r฀e฀a฀ ฀a฀r฀e฀ ฀e฀n฀l฀a฀r฀g฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ ฀t฀h฀e ฀s฀p l฀i฀t฀ 
฀r฀a฀t฀i฀o฀.฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀a฀s฀ ฀t฀h฀e฀ ฀s฀p฀l฀i฀t฀ ฀r฀a฀t฀i฀o฀ ฀i฀s฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀o฀p฀t฀i m฀a฀l฀ 
฀v฀a฀l฀u฀e฀,฀ ฀t฀h฀e฀ ฀r฀e฀d฀u฀c฀e฀d฀ ฀s฀t฀a฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀a฀r฀e฀a฀ ฀w฀i฀t฀h฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀s฀p฀i฀l฀t฀ ฀ra t i o  
฀r฀e฀s฀u฀l฀t฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀d฀e฀c฀r฀e฀a฀s฀e฀ ฀i฀n฀ ฀t฀u฀r฀n฀.฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀9฀.฀ ฀O฀p฀t฀i฀m฀i฀z฀a฀t฀i฀o฀n฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀o฀f฀ ฀1฀2฀/฀1฀7฀-฀p฀o฀l฀e฀ ฀(฀a฀)฀ ฀A฀S฀P฀-฀ ฀a฀n฀d฀ ฀(฀b฀)฀ ฀c฀o฀n฀v฀e฀n t i฀o n a l  F R P M฀ 
฀m฀a฀c฀h฀i฀n฀e฀s฀.฀ 
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฀T฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀/฀r฀o฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀o฀p฀e฀n฀i฀n฀g฀ ฀r฀a฀t฀i฀o฀s฀ ฀a฀r฀e฀ ฀d฀e฀f฀i฀n฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀s฀l฀o฀t฀ 
฀o฀p฀e฀n฀i฀n฀g฀s฀ ฀t฀o฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀/฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀p฀i฀t฀c฀h฀.฀ ฀F฀i฀g฀.฀ ฀1฀0฀(฀b฀)฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀e฀ 
฀t฀o฀r฀q฀u฀e฀ ฀a฀s฀ ฀a฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀l฀o฀t฀ ฀o฀p฀e฀n฀i฀n฀g฀ ฀r฀a฀t฀i฀o฀.฀ ฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d  
฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀a฀l฀ ฀s฀t฀a฀t฀o฀r฀/฀r฀o฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀o฀p฀e฀n฀i฀n฀g฀ ฀r฀a฀t฀i฀o฀s฀ ฀a฀r฀e฀ ฀0฀.฀3฀3฀ ฀a฀n฀d฀ ฀0฀.฀4฀5฀ 
฀f฀o฀r฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀ ฀c฀a฀s฀e฀,฀ ฀w฀h฀i฀l฀e฀ ฀0฀.฀2฀3฀ ฀a฀n฀d฀ ฀0฀.฀3฀5฀ ฀f฀o฀r฀ ฀t฀h฀e฀ 
฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀c฀a฀s฀e฀.฀ ฀T฀h฀i฀s฀ ฀p฀h฀e฀n฀o฀m฀e฀n฀o฀n฀ ฀i฀s฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀f฀a฀c฀t฀ ฀t฀h฀a฀t  t h฀e  
฀d฀e฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀o฀p฀e฀n฀i฀n฀g฀ ฀r฀a฀t฀i฀o฀ ฀l฀e฀a฀d฀s฀ ฀t฀o฀ ฀t฀h฀e฀ ฀P฀M ฀a฀r฀e a  
฀e฀n฀l฀a฀r฀g฀e฀m฀e฀n฀t฀,฀ ฀w฀h฀i฀l฀e฀ ฀t฀h฀e฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ฀t฀e฀n฀d฀s฀ ฀t฀o฀ ฀b฀e฀ ฀s฀e฀r฀i฀o฀u฀s฀ ฀wn  
฀t฀h฀e฀ ฀r฀a฀t฀i฀o฀ ฀i฀s฀ ฀l฀o฀w฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀a฀l฀ ฀v฀a฀l฀u฀e฀.฀ ฀S฀i฀m฀i฀l฀a฀r฀ ฀t฀r฀e฀n฀d฀s฀ ฀c฀a฀n฀ ฀b e  
฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀“฀r฀o฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀o฀p฀e฀n฀i฀n฀g฀ ฀r฀a฀t฀i฀o฀”฀ ฀c฀a฀s฀e฀ ฀a฀s฀ ฀w฀e฀l฀l฀.฀ ฀H฀i฀g฀h e r  
฀r฀o฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀o฀p฀e฀n฀i฀n฀g฀ ฀r฀a฀t฀i฀o฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀s฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀P฀M฀ ฀f฀l฀u฀x฀ 
฀p฀e฀n฀e฀t฀r฀a฀t฀i฀n฀g฀ ฀i฀n฀t฀o฀ ฀t฀h฀e฀ ฀r฀o฀t฀o฀r฀ ฀i฀r฀o฀n฀ ฀p฀a฀r฀t฀,฀ ฀w฀h฀e฀r฀e฀a฀s฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀P฀M฀ ฀f฀l฀u฀x฀ 
฀l฀e฀a฀k฀a฀g฀e฀ ฀h฀a฀p฀p฀e฀n฀s฀ ฀a฀s฀ ฀t฀h฀e฀ ฀r฀a฀t฀i฀o฀ ฀e฀x฀c฀e฀e฀d฀s฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀a฀l฀ ฀v฀a฀l฀u฀e฀.฀ 
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฀A฀ ฀s฀t฀a฀t฀o฀r฀ ฀w฀i฀d฀t฀h฀ ฀r฀a฀t฀i฀o฀ ฀i฀s฀ ฀d฀e฀f฀i฀n฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀r฀a฀t฀i฀o฀ ฀o฀f฀ ฀t฀h฀e฀ ฀w฀o฀u฀n฀d฀ ฀s฀t a฀t฀o฀r฀ 
฀t฀o฀o฀t฀h฀ ฀w฀i฀d฀t฀h฀ ฀t฀o฀ ฀t฀h฀e฀ ฀u฀n฀w฀o฀u฀n฀d฀ ฀o฀n฀e฀ ฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀ ฀t฀h฀e฀ 
฀r฀e฀l฀a฀t฀i฀o฀n฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀w฀o฀ ฀w฀i฀d฀t฀h฀s฀.฀ ฀T฀h฀e฀ ฀v฀a฀r฀i฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀v฀e฀r฀a฀g฀e฀ 
฀t฀o฀r฀q฀u฀e฀s฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀w฀i฀d฀t฀h฀ ฀r฀a฀t฀i฀o฀ ฀u฀n฀d฀e฀r฀ ฀v฀a฀r฀i฀o฀u฀s฀ OF฀ ฀a฀r฀e฀ ฀p฀l฀o฀t฀t e฀d฀ 
฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀0฀(฀c฀)฀,฀ ฀i฀t฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀u฀m฀ ฀s฀t฀a฀t฀o฀r฀ ฀r฀a฀t฀i฀o฀ ฀d฀e฀c฀r฀e฀a฀s฀e฀s  
฀w฀i฀t฀h฀ ฀h฀i฀g฀h฀e฀r฀ ฀w฀o฀u฀n฀d฀ ฀s฀t฀a฀t฀o฀r฀ ฀t฀o฀o฀t฀h฀ ฀w฀i฀d฀t฀h฀.฀ ฀A฀s฀ ฀a฀ ฀r฀e฀s฀u฀l฀t฀,฀ ฀i฀t฀ ฀i฀s฀ ฀n฀e฀ce s s a y฀ 
฀t฀o฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀s฀t฀a฀t฀o฀r฀ ฀w฀i฀d฀t฀h฀s฀ ฀s฀i฀m฀u฀l฀t฀a฀n฀e฀o฀u฀s฀l฀y฀,฀ ฀w฀h฀i฀c฀h฀ ฀a฀r฀e฀ 
฀b฀o฀t฀h฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀g฀l฀o฀b฀a฀l฀ ฀o฀p฀t฀i฀m฀i฀z฀a฀t฀i฀o฀n฀ ฀w฀i฀t฀h฀o฀u฀t฀ ฀m฀u฀t฀u฀a฀l฀ 
฀r฀e฀s฀t฀r฀i฀c฀t฀i฀o฀n฀.฀ 
฀T฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀w฀o฀u฀n฀d฀ ฀a฀n฀d฀ ฀u฀n฀w฀o฀u฀n฀d฀ ฀s฀t฀a฀t฀o฀r฀ ฀t฀e฀e฀t฀h฀ ฀w฀i฀d฀t฀h฀s฀ 
฀o฀n฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀a฀r฀e฀ ฀i฀l฀l฀u฀s฀t฀r฀a฀t฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀s฀.฀ ฀1฀0฀(฀e฀)฀ ฀a฀n฀d฀ ฀(฀f )฀,฀ 
฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ ฀F฀o฀r฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀-฀/฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀F฀R฀P฀M฀ 
\K
FO [O
SPO
SPK
UR'
฀1VWK
฀2VWK
UL'
VR'
VL'
ODJOUW
VR'ODJ
UR'
UL'
VL'
OUW
SPK
\K
FO
SPO
฀1VWK
฀2VWK
฀0
฀3
฀6
฀9
฀1฀2
฀1฀5
฀2฀.฀5 ฀3 ฀3฀.฀5 ฀4 ฀4฀.฀5 ฀5 ฀5฀.฀5 ฀6 ฀6฀.฀5 ฀7
7R
UTX
HU
LSS
OH

$YHUDJHWRUTXH1P
2SWLPDO
฀0
฀3
฀6
฀9
฀1฀2
฀1฀5
฀2 ฀2฀.฀5 ฀3 ฀3฀.฀5 ฀4 ฀4฀.฀5 ฀5 ฀5฀.฀5
7R
UTX
HU
LSS
OH

$YHUDJHWRUTXH1P
2SWLPDO
,(((75$16$&7,21621,1'8675,$/(/(&7521,&6
฀ 
฀m฀a฀c฀h฀i฀n฀e฀,฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀a฀l฀ ฀v฀a฀l฀u฀e฀s฀ ฀a฀r฀e฀ ฀6฀.฀2฀6฀m฀m฀/฀4฀.฀8฀0฀m฀m฀ ฀a฀n฀d฀ 
฀3฀.฀5฀0฀m฀m฀/฀4฀.฀8฀0฀m฀m฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀w฀o฀u฀n฀d฀ ฀a฀n฀d฀ ฀u฀n฀w฀o฀u฀n฀d฀ ฀s฀t฀a฀t฀o฀r฀ ฀t฀e฀e฀t฀h฀,฀ 
฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ 
G307KLFNQHVV
฀F฀i฀g฀.฀ ฀1฀0฀(฀f฀)฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀v฀a฀r฀i฀a฀t฀i฀o฀n฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀P฀M฀ ฀t฀h฀i฀c฀k฀n฀e฀s฀s฀.฀ 
฀I฀t฀ ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀s฀e฀s฀ ฀w฀i฀t฀h฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀th e  P M฀ 
฀t฀h฀i฀c฀k฀n฀e฀s฀s฀ ฀f฀i฀r฀s฀t฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀ ฀P฀M฀ ฀f฀l฀u฀x฀,฀ ฀w h i l฀e฀ 
฀t฀h฀e฀n฀ ฀d฀r฀o฀p฀s฀ ฀d฀r฀a฀m฀a฀t฀i฀c฀a฀l฀l฀y฀ ฀c฀a฀u฀s฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ ฀t฀h฀e฀ e f f e฀c฀t฀i v e  
฀a฀i฀r฀-฀g฀a฀p฀ ฀l฀e฀n฀g฀t฀h฀.฀ ฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀p฀r฀e฀v฀e฀n฀t฀ ฀t฀h฀e฀ ฀u฀n฀e฀x฀p฀e฀c฀t฀e฀d฀ ฀P฀M฀ 
฀d฀e฀m฀a฀g฀n฀e฀t฀i฀z฀a฀t฀i฀o฀n฀ ฀r฀i฀s฀k฀ ฀i฀n฀d฀u฀c฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀s฀h฀o฀r฀t฀-฀c฀i฀r฀c฀u฀i฀t฀ ฀f฀a฀u฀lt  a n฀d฀ t h  
฀o฀v฀e฀r฀l฀o฀a฀d฀i฀n฀g฀ ฀o฀p฀e฀r฀a฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀P฀M฀ ฀t฀h฀i฀c฀k฀n฀e฀s฀s฀ ฀i฀s฀ ฀u฀s฀u฀a฀l฀l฀y฀ ฀s฀e฀l฀e฀c฀t฀e฀d฀ ฀a฀s฀ 
฀4฀~฀6฀ ฀t฀i฀m฀e฀s฀ ฀t฀h฀e฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀l฀e฀n฀g฀t฀h฀,฀ ฀i฀.฀e฀.฀,฀ ฀2฀.฀4฀m฀m฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀m฀a฀c฀h฀i฀n฀e฀ 
฀m฀a฀n฀u฀f฀a฀c฀t฀u฀r฀i฀n฀g฀ ฀[฀2฀0฀]฀.฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀ ฀(฀c฀)฀ 
฀ ฀(฀d฀)฀ 
฀ ฀(฀e )฀ 
฀ ฀(฀f฀)฀ 
฀F฀i฀g฀.฀ ฀1฀0฀.฀ ฀E฀f฀f฀e฀c฀t฀s฀ ฀o฀f฀ ฀d฀e฀s฀i฀g฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀o฀n฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀il฀i฀t฀y฀.฀ ฀( a฀)  S p l i฀t฀ ฀r฀a฀t฀i฀o฀.  (฀b฀)  
฀S฀t฀a฀t฀o฀r฀/฀r฀o฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀o฀p฀e฀n฀i฀n฀g฀ ฀r฀a฀t฀i฀o฀s฀.฀ ฀(฀c฀)฀ ฀T฀h฀e฀ ฀v฀a฀r฀i฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀v฀e฀r฀a฀g฀e  t o r q u e s  w i t h  
฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀w฀i฀d฀t฀h฀ ฀r฀a฀t฀i฀o฀ ฀u฀n฀d฀e฀r฀ ฀v฀a฀r฀i฀o฀u฀s฀ OF฀.  ( d )  U฀n฀w o u n d  s t฀a฀t฀o r฀ ฀t฀o฀o฀t฀h฀ ฀w฀i฀d฀t฀h฀.฀ ฀(฀e฀)฀ ฀W฀o฀u฀n฀d฀ ฀s฀t฀a฀t฀o฀r฀ ฀t฀o฀o฀t฀h฀ ฀w฀i฀d฀t฀h฀.฀ ฀(฀f฀)฀ ฀P฀M฀ ฀t฀h฀i฀c฀k฀n฀e฀s฀s฀.฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀1฀1฀.฀ ฀(฀a฀)฀ ฀F฀i฀e฀l฀d฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀a฀n฀d฀ ฀(฀b฀)฀ ฀P฀M฀ ฀o฀p฀e฀r฀a฀t฀i฀n฀g฀ ฀p฀o฀i฀n฀t฀s o f  ฀t h e  ฀p฀r o p฀o฀s฀e d฀ 
฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀u฀n฀d฀e฀r฀ ฀2฀.฀5฀ ฀t฀i฀m฀e฀s฀ ฀o฀v฀e฀r฀l฀o฀a฀d฀,฀ ฀a฀n฀d฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e= 1 2฀0฀o C .  
' 'HPDJQHWL]DWLRQ([DPLQDWLRQ
฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀c฀o฀n฀f฀i฀r฀m฀ ฀t฀h฀e฀ ฀f฀e฀a฀s฀i฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀e฀v฀i฀o฀u฀s฀l฀y฀ ฀d฀e฀s฀i฀g฀n฀e฀d฀ 
฀P฀M฀ ฀t฀h฀i฀c฀k฀n฀e฀s฀s฀,฀ ฀t฀h฀e฀ ฀d฀e฀m฀a฀g฀n฀e฀t฀i฀z฀a฀t฀i฀o฀n฀ ฀w฀i฀t฀h฀s฀t฀a฀n฀d฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ t฀h฀e฀ 
฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀i฀s฀ ฀e฀x฀a฀m฀i฀n฀e฀d฀.฀ ฀F฀i฀g฀.฀ ฀1฀1฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀e฀ ฀w฀o฀r฀k฀i฀n฀g฀ 
฀p฀o฀i฀n฀t฀ ฀v฀a฀r฀i฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀f฀i฀v฀e฀ ฀t฀y฀p฀i฀c฀a฀l฀ ฀P฀M฀ ฀p฀o฀i฀n฀t฀s฀ ฀u฀n฀d฀e฀r฀ ฀2฀.฀5฀ ฀t฀i฀m e s  
฀o฀v฀e฀r฀l฀o฀a฀d฀ ฀o฀p฀e฀r฀a฀t฀i฀o฀n฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀P฀M฀ ฀m฀a฀t฀e฀r฀i฀a฀l฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ 
฀a฀r฀e฀ ฀s฀e฀t฀ ฀a฀s฀ ฀N฀3฀5฀S฀H฀ ฀a฀n฀d฀ ฀1฀2฀0฀o฀C ,฀ ฀r e s p e c t฀i฀v฀e฀l฀y฀.฀ ฀T฀h฀e฀ ฀r฀e฀f฀e฀r฀e฀n฀c฀e฀ ฀k฀n฀e฀e฀ 
฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀i฀s฀ ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀e฀l฀y฀ ฀0฀.฀2฀T฀.฀ ฀T฀h฀e฀ ฀l฀o฀w฀e฀s฀t฀ ฀o฀p฀e฀r฀a฀t฀i฀n฀g฀ ฀p฀o฀i฀n฀t  
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฀ 
฀i฀s฀ ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀e฀l฀y฀ ฀0฀.฀2฀2฀T฀,฀ ฀w฀h฀i฀c฀h฀ ฀e฀x฀c฀e฀e฀d฀s฀ ฀t฀h฀e฀ ฀t฀h฀r฀e฀s฀h฀o฀l฀d฀ ฀v฀a฀l฀u฀e฀.฀ 
฀T฀h฀i฀s฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀l฀o฀c฀a฀l฀ ฀d฀e฀m฀a฀g฀n฀e฀t฀i฀z฀a฀t฀i฀o฀n฀ ฀c฀a฀n฀ ฀b฀e฀ ฀w฀e฀ll฀ 
฀e฀l฀i฀m฀i฀n฀a฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀d฀ ฀d฀e฀s฀i฀g฀n฀.฀ 
9 (/(&7520$*1(7,&3(5)250$1&(&203$5,621
฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀c฀o฀n฀f฀i฀r฀m฀ ฀t฀h฀e฀ ฀f฀e฀a฀s฀i฀b฀i฀l฀i฀t฀y฀ ฀a฀n฀d฀ ฀a฀d฀v฀a฀n฀t฀a฀g฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ 
฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀d฀e฀s฀i฀g฀n฀,฀ ฀i฀t฀s฀ ฀e฀l฀e฀c฀t฀r฀o฀m฀a฀g฀n฀e฀t฀i฀c฀ 
฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀a฀r฀e฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀o฀s฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ 
฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀.฀ ฀F฀o฀r฀ ฀f฀a฀i฀r฀ ฀c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀,฀ ฀b฀o฀t฀h฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ 
฀h฀a฀v฀e฀ ฀b฀e฀e฀n฀ ฀g฀l฀o฀b฀a฀l฀l฀y฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀d฀,฀ ฀w฀h฀i฀c฀h฀ ฀s฀h฀a฀r฀e฀ ฀i฀d฀e฀n฀t฀i฀c฀a฀l฀ ฀s฀t฀a฀t฀o฀r฀-
฀s฀l฀o฀t฀/฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀s฀ ฀(฀1฀2฀/฀1฀7฀)฀,฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀,฀ ฀o฀v฀e฀r฀a฀l฀l฀ 
฀P฀M฀ ฀p฀o฀l฀a฀r฀i฀t฀y฀ ฀s฀e฀q฀u฀e฀n฀c฀e฀,฀ ฀a฀n฀d฀ ฀m฀a฀g฀n฀e฀t฀ ฀u฀s฀a฀g฀e฀,฀ ฀e฀t฀c฀.฀ ฀T฀h฀e฀ ฀m฀a฀j฀o฀r฀ ฀d฀e฀s฀i฀g฀n฀ 
฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀o฀f฀ ฀t฀w฀o฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀l฀i฀s฀t฀e฀d฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀I฀I฀.฀ 
฀T฀A฀B฀L฀E฀ I I  
฀M฀A฀J฀O฀R฀ D฀E฀S฀I฀G฀N฀ ฀PA R A฀M฀E฀T฀E฀R฀S฀ ฀O฀F฀ ฀1฀2฀/฀1 7 - PO L฀E฀ F R฀P฀M M฀A฀C฀H฀I฀N฀E฀S฀ ฀W฀I฀T฀H฀ 
฀C฀O฀N฀V฀E฀N฀T฀I฀O฀N฀A฀L฀ ฀A฀N฀D฀ A฀S฀P฀ CO฀N฀F฀I฀G฀U฀R฀A฀T฀I฀O฀N฀S 
฀M฀a฀c฀h฀i฀n฀e฀ ฀t฀y฀p฀e฀s฀ U n i t฀ ฀C฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l A฀S฀P฀ 
฀R฀a฀t฀e฀d฀ ฀s฀p฀e฀e฀d฀ ฀r฀/฀m฀i฀n฀ ฀1฀0฀0฀0฀ 
฀R฀a฀t฀e฀d฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀A฀r฀m฀s฀ ฀1฀0฀ 
฀S฀t฀a฀t฀o฀r฀ ฀o฀u฀t฀e฀r฀ ฀d฀i฀a฀m฀e฀t฀e฀r฀ ฀m฀m฀ ฀1฀0฀0฀ 
฀A฀i฀r฀-฀g฀a฀p฀ ฀l฀e฀n฀g฀t฀h฀ ฀m฀m฀ ฀0฀.฀4฀ 
฀A฀c฀t฀i฀v฀e฀ ฀s฀t฀a฀c฀k฀ ฀l฀e฀n฀g฀t฀h฀ ฀m฀m฀ ฀8฀0฀ 
฀S฀p฀l฀i฀t฀ ฀r฀a฀t฀i฀o฀ ฀-฀ ฀0฀.฀6฀ 
฀S฀t฀a฀t฀o฀r฀ ฀b฀a฀c฀k฀-฀i฀r฀o฀n฀ ฀t฀h฀i฀c฀k฀n฀e฀s฀s฀ ฀m฀m฀ ฀3฀.฀5฀ 
฀W฀o฀u฀n฀d฀ ฀s฀t฀a฀t฀o฀r฀ ฀t฀o฀o฀t฀h฀ ฀w฀i฀d฀t฀h฀ ฀m฀m฀ ฀4฀.฀8฀0฀ ฀6฀.฀2฀6฀ 
฀U฀n฀w฀o฀u฀n฀d฀ ฀s฀t฀a฀t฀o฀r฀ ฀t฀o฀o฀t฀h฀ ฀w฀i฀d฀t฀h฀ ฀m฀m฀ ฀4฀.฀8฀0฀ ฀3฀.฀2฀5฀ 
฀S฀t฀a฀t฀o฀r฀ ฀i฀n฀n฀e฀r฀ ฀d฀i฀a฀m฀e฀t฀e฀r฀ ฀m฀m฀ ฀6฀0฀.฀5฀ ฀5฀9฀.฀8฀ 
฀R฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀h฀e i฀g฀h t ฀m฀m ฀5฀ 
฀S฀t฀a฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀o฀p฀e฀n฀i฀n฀g฀ ฀r฀a฀t฀i฀o฀ - ฀0฀. 2฀3฀ ฀0฀.3฀3฀ 
฀R฀o฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀o฀p฀e฀n฀i฀n฀g฀ ฀r฀a฀t฀i฀o ฀- 0 . 3 5฀ ฀0฀.฀45฀ 
฀A฀i฀r-g฀a฀p฀ ฀l฀e฀n฀g฀t฀h฀ ฀m฀m฀ ฀0฀.฀4 
฀N฀d฀F฀e฀B฀ ฀m฀a฀g฀n฀e฀t฀ ฀t฀h฀i฀c฀k฀n฀e฀s฀s฀ m฀m 2฀.฀4 
฀P฀M฀ ฀w฀i฀d฀t฀h ฀d฀e฀g฀.฀ ฀1฀9฀ 
฀M฀a฀g฀n฀e฀t฀ ฀g฀r฀a฀d฀e ฀-฀ ฀N฀3฀5฀S฀H 
฀S฀t฀e฀e฀l฀ ฀g฀r฀a฀d฀e฀ ฀-฀ ฀3฀5฀C฀S฀3฀0฀0฀ 
$ 2SHQ&LUFXLW3HUIRUPDQFH
฀T฀h฀e฀ ฀o฀p฀e฀n฀-฀c฀i฀r฀c฀u฀i฀t฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀a฀n฀d฀ ฀b฀a฀c฀k฀-฀E฀M฀F฀ 
฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀A฀S฀P฀-฀ ฀a฀n฀d฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀,฀ ฀a฀s฀ 
฀w฀e฀l฀l฀ ฀a฀s฀ ฀t฀h฀e฀ ฀r฀e฀g฀u฀l฀a฀r฀ ฀S฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀w฀i฀t฀h฀ ฀s฀a฀m฀e฀ ฀w฀i฀n฀d฀i฀n฀g฀ 
฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀s฀.฀ ฀1฀2฀ ฀a฀n฀d฀ 
฀1฀3฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ ฀I฀t฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀A฀S฀P฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀e฀x฀h฀i฀b฀i฀t฀s฀ ฀m฀o฀r฀e฀ 
฀w฀o฀r฀k฀i฀n฀g฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀,฀ ฀a฀n฀d฀ ฀h฀e฀n฀c฀e฀ ฀m฀u฀c฀h฀ ฀h฀i฀g฀h฀e฀r฀ ฀f฀u฀n฀d฀a฀m฀e฀n฀t฀a฀l฀ ฀E฀M฀F฀ 
฀m฀a฀g฀n฀i฀t฀u฀d฀e฀ ฀t฀h฀a฀n฀ ฀i฀t฀s฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀.฀ ฀T฀h฀i฀s฀ ฀i฀s฀ ฀m฀a฀in l y  ฀d฀u฀e  
฀t฀o฀ ฀t฀h฀e฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ฀r฀e฀d฀u฀c฀t฀i฀o฀n฀ ฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀ ฀d฀e฀s฀i฀g฀n฀,฀ 
฀a฀s฀ ฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀i฀n฀ ฀S฀e฀c฀t฀i฀o฀n฀ ฀I฀I฀I฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀b฀a฀c฀k฀-฀E฀M฀F฀ 
฀m฀a฀g฀n฀i฀t฀u฀d฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀S฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀i฀s฀ ฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀l฀o฀w฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀a฀t฀ o฀f  ฀t฀h฀e฀ 
฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀.฀ ฀T฀h฀i฀s฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀a฀t฀t฀r฀i฀b฀u฀t฀e฀d฀ ฀t฀o฀ ฀mo r e  
฀p฀r฀o฀n฀o฀u฀n฀c฀e฀d฀ ฀f฀l฀u฀x฀ ฀m฀o฀d฀u฀l฀a฀t฀i฀o฀n฀ ฀e฀f฀f฀e฀c฀t฀ ฀(฀s฀e฀e฀ ฀F฀i฀g฀.฀ ฀1฀2฀(฀b฀)฀)฀ ฀o฀f฀ ฀t฀h฀e฀ 
฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀d฀e฀s฀p฀i฀t฀e฀ ฀t฀h฀e฀i฀r฀ ฀l฀o฀w฀e฀r฀ ฀m฀a฀i฀n฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ ฀h฀a฀r฀m฀o฀n฀i฀c s  
฀(฀6฀t฀h,฀ ฀1฀2฀n฀d,  ฀1฀8฀t฀h,฀ ฀e฀t฀c฀.฀)฀ ฀t฀h฀a฀n฀ ฀t฀h฀a฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀e฀g฀u฀l฀a฀r฀ ฀S฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀ 
฀w฀h฀i฀c฀h฀ ฀a฀r฀e฀ ฀s฀t฀a฀t฀i฀o฀n฀a฀r฀y฀ ฀a฀n฀d฀ ฀n฀o฀n฀-฀w฀o฀r฀k฀i฀n฀g฀.฀ 
% 7RUTXH&KDUDFWHULVWLFV
฀T฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ 
฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀ ฀a฀n฀d฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀4฀.฀ ฀T฀h฀e฀ ฀c฀o฀g฀g฀i฀n฀g฀ 
฀t฀o฀r฀q฀u฀e฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀4฀(฀a฀)฀.฀ ฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀s฀e฀e฀n฀ ฀t฀ha฀t  
฀t฀h฀e฀ ฀p฀e฀a฀k฀ ฀c฀o฀g฀g฀i฀n฀g฀ ฀t฀o฀r฀q฀u฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀i s
฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀l฀o฀w฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀a฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀ ฀o฀n฀e฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ 
฀m฀a฀i฀n฀l฀y฀ ฀a฀t฀t฀r฀i฀b฀u฀t฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀e฀x฀i฀s฀t฀e฀n฀c฀e฀ ฀o฀f฀ ฀m฀o฀r฀e฀ ฀a฀b฀u฀n฀d฀a฀n฀t฀ ฀a฀i฀r฀-฀g฀a฀p฀ 
฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀A฀S฀P฀ ฀c฀a฀s฀e฀,฀ ฀a฀s฀ ฀e฀v฀i฀d฀e฀n฀c฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀12 ( b ) .฀ ฀I฀n฀ 
฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀c฀o฀n฀f฀i฀r฀m฀ ฀t฀h฀e฀ ฀s฀u฀i฀t฀a฀b฀l฀e฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀s฀t฀r฀a฀t฀e฀g฀y฀ ฀t฀o฀ ฀m฀a฀x฀i฀m฀i฀z฀e฀ ฀t฀h฀e฀ 
t o r฀q฀u e  ฀c฀a฀p฀a฀b i฀l฀i฀t฀y฀,฀ t h e  t o r q u e฀- c u r r e n t ฀a฀n฀g฀l฀e฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀a฀r฀e฀ 
฀a฀n a฀l y z e฀d฀ i n฀ ฀a฀d฀v฀a฀n c e ,  a s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ F i฀g฀.฀ ฀1฀4฀(฀b฀)฀.฀ ฀I฀t฀ ฀i฀s฀ ฀o฀b฀v฀i฀o฀u฀s฀ ฀t฀h฀a฀t 
฀b o฀t฀h฀ ฀t฀w o  F R฀P฀M ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀s฀h฀o฀w฀ ฀a฀ ฀u฀n฀i฀t฀y฀ ฀s฀a฀l฀i฀e฀n฀c฀y฀ ฀r฀a฀t฀i฀o฀.฀ ฀I฀n฀ 
฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀t฀h฀e ฀s฀t฀e฀a฀d฀y -฀s฀t฀a฀t฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀o฀f฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ 
฀u฀n฀d฀e฀r฀ ฀b฀o฀t฀h฀ ฀r฀a฀t฀e฀d฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀(,UPV฀= 1 0 A฀,฀ “฀r m฀s฀”฀ ฀d฀e฀n฀o฀t฀e฀s฀ ฀r฀o฀o฀t฀-฀m฀e฀a฀n฀-
฀s฀q฀u฀a฀r฀e฀ ฀v฀a฀l฀u฀e฀)฀ ฀a฀n฀d฀ ฀z฀e฀r฀o฀ G฀- a฀x฀i s฀ c฀u฀r r e n t  (,G฀)฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ 
฀F฀i฀g฀.฀ ฀1฀4฀(฀c฀)฀.฀ ฀I฀t฀ ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ 
฀p฀r฀o฀v฀i฀d฀e฀s฀ ฀2฀4฀.฀1฀6฀%฀ ฀h฀i฀g฀h฀e฀r฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀t฀o฀r฀q฀u฀e฀,฀ ฀t฀o฀g฀e฀t฀h฀e฀r฀ ฀w฀i฀t฀h฀ ฀3฀0฀%฀ 
฀l฀o฀w฀e฀r฀ ฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀ ฀t฀h฀a฀n฀ ฀i฀t฀s฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀.฀ ฀T฀h฀i฀s฀ ฀i฀s฀ 
฀m฀a฀i฀n฀l฀y฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ฀r฀e฀d฀u฀c฀t฀i฀o฀n฀.฀ ฀F฀i฀g฀.฀ ฀1฀4฀(฀d฀)฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀e฀ 
฀t฀o฀r฀q฀u฀e฀ ฀v฀e฀r฀s฀u฀s฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀,฀ ฀w฀h฀i฀c h  
฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀ ฀d฀e฀s฀i฀g฀n฀ ฀h฀a฀s฀ ฀b฀e฀t฀t฀e฀r฀ ฀t฀o฀r฀q฀u฀e฀ 
฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀.฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ 
฀e฀x฀h฀i฀b฀i฀t฀s฀ ฀n฀o฀n฀-฀l฀i฀n฀e฀a฀r฀ ฀t฀o฀r฀q฀u฀e฀-฀c฀u฀r฀r฀e฀n฀t฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ 
฀m a฀g฀n฀e฀t฀i฀c฀ ฀s฀a฀t฀u฀r฀a฀t฀i฀o฀n฀ ฀c฀a฀u฀s฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀b฀i฀a฀s฀e฀d฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀.฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)  
฀F฀i฀g฀.฀ ฀1฀2฀.฀ ฀O฀p฀e฀n฀-฀c฀i฀r฀c฀u฀i฀t฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀1฀2 / 1 7 - p o l฀e฀ 
฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀n฀d฀ ฀r฀e฀g฀u฀l฀a฀r฀ ฀S฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀.฀ ฀(฀a฀)฀ ฀W฀a฀v฀e฀f฀o฀r฀m฀s฀.฀ ( b )  H฀a฀r฀m฀o n i c฀ 
฀s฀p฀e฀c฀t฀r฀a฀.฀ 
฀ ฀(฀a฀)  
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$63
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,(((75$16$&7,21621,1'8675,$/(/(&7521,&6
฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀1฀3฀.฀ ฀P฀h฀a฀s฀e฀ ฀b฀a฀c฀k฀-฀E฀M฀F฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀1฀2฀/฀1฀7฀-฀p฀o฀l฀e฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i n e s  a n d฀ r e฀g฀u l a r  
฀S฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀ ฀1฀0฀0฀0฀r฀/฀m฀i฀n฀.฀ ฀(฀a฀)฀ ฀W฀a฀v฀e฀f฀o฀r฀m฀s฀.฀ ฀(฀b฀)฀ ฀H฀a฀r฀m฀o฀n฀i฀c฀ ฀s฀p฀e฀c฀t฀r฀a฀.฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀ ฀(฀c฀)฀ 
฀ ฀(฀d฀)฀ 
฀F฀i฀g฀.฀ ฀1฀4฀.฀ ฀T฀o฀r฀q฀u฀e฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀a฀nd  A S฀P฀-฀F฀R P M฀ ฀m a c h฀i฀n฀e฀s฀.  
฀(฀a฀)฀ ฀C฀o฀g฀g฀i฀n฀g฀ ฀t฀o฀r฀q฀u฀e฀.฀ ฀(฀b฀)฀ ฀T฀o฀r฀q฀u฀e฀ ฀v฀s฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀a฀n฀g฀l฀e฀.฀ ฀(฀c฀)฀ ฀S฀t฀e฀a฀d฀y -฀s฀t฀a฀t฀e฀ t o r q u฀e .  ( d )  
฀T฀o฀r฀q฀u฀e฀ ฀v฀s฀ T฀-฀a฀x i฀s฀ ฀c฀u฀r฀r฀e฀n฀t฀.฀ 
& 3RZHU)DFWRU
฀T฀h฀e฀ ฀p฀o฀w฀e฀r฀ ฀f฀a฀c฀t฀o฀r฀ 3)฀ ฀c฀a฀n฀ ฀b฀e฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀p฀h฀a฀s฀o฀r฀ ฀d฀i฀a฀g฀r฀a฀m฀ 
฀u฀n฀d฀e฀r฀ ,G฀=฀0฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀5฀,฀ ฀i฀.฀e฀.฀,฀ ฀[฀2฀0฀]฀ 
฀ 
฀2 ฀2
฀0
฀1 ฀1฀=฀c฀o฀s ฀= ฀=฀1 ฀( ฀) ฀1 ฀( ฀)H V V V V P
3) / , ( / ,T Z \ 
฀ ฀(฀1฀9฀)฀ 
฀w฀h฀e฀r฀e฀ ,V฀ ฀i฀s  ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀c฀u฀r฀r฀e฀n฀t฀,฀ /V฀ ฀i฀s฀ t h e฀ s y n฀c฀h฀r฀o฀n฀o฀u฀s฀ ฀i฀n฀d฀u฀c฀t฀a฀n฀c฀e฀,฀ 
ȦH฀ ฀i฀s฀ ฀t฀h฀e฀ ฀e฀l฀e฀c฀t฀r฀i฀c฀a฀l฀ ฀a฀n฀g฀u฀l฀a฀r฀ ฀s฀p฀e฀e฀d฀,฀ ( 0  i s฀ t h e฀ o p e n฀-฀c฀i฀r฀c u฀i t  b฀a฀c฀k฀-
฀E฀M฀F฀ ฀f฀u฀n฀d฀a฀m฀e฀n฀t฀a฀l฀ ฀m฀a฀g฀n฀i฀t฀u฀d฀e฀,฀ 8  i฀s฀ ฀t฀h e฀ ฀t฀e฀r m฀i฀n฀a฀l฀ ฀v฀o฀l฀t฀a฀g฀e฀,฀ ฀a฀n฀d฀ ș  
฀i฀s฀ ฀t฀h฀e฀ ฀a฀n฀g฀l฀e฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀b฀e฀t฀w฀e฀e฀n฀ (฀0฀ ฀a฀n d  8฀.฀ ฀T฀h e฀ r e฀s฀u฀l฀t฀a฀n฀t  
฀i฀n฀d฀u฀c฀t฀a฀n฀c฀e฀,฀ ฀p฀h฀a฀s฀e฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀ ฀a฀n฀d฀ ฀p฀o฀w฀e฀r฀ ฀f฀a฀c฀t฀o฀r฀ ฀a฀r฀e฀ ฀l฀i฀s฀t฀e฀d฀ i n  
฀T฀a฀b฀l฀e฀ ฀I฀I฀I฀.฀ ฀I฀t฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ 
e฀x฀h i b i t฀s฀ a฀ ฀2 9฀%  ฀h฀i฀g h e฀r฀ p฀o฀w฀e฀r฀ ฀f฀a฀c฀t฀o฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ 
฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀.฀ ฀T฀h฀i฀s฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀a฀t฀t฀r฀i฀b฀u฀t฀e฀d฀ ฀t฀o฀ ฀h฀i฀g฀h฀e฀r฀ ฀E฀M฀F฀ ฀a฀n฀d฀ 
฀l฀o฀w฀e฀r฀ ฀i฀n฀d฀u฀c฀t฀a฀n฀c฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀ ฀d฀e฀s฀i฀g฀n฀.฀ 
฀ ฀F฀i฀g฀.฀ ฀1฀5฀.฀ ฀P฀h฀a฀s฀o฀r฀ ฀d฀i฀a฀g฀r฀a฀m฀ ฀o฀f฀ ฀t฀h฀e฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀u฀n฀d฀e฀r฀ ,G = 0฀ c o n t r o฀l .  
฀T฀A฀B฀L฀E฀ I I I฀ 
฀I฀N฀D฀U฀C฀T฀A฀N฀C฀E,฀ PH A S ฀ F฀L฀U฀X฀ LI N฀K฀A฀G฀E, P฀O฀W฀E฀R฀ F฀A฀C฀T฀O฀R฀S฀ ฀O฀F฀ 1 2 /฀1฀7฀-฀PL E฀ F R฀P฀M 
฀M฀A฀C฀H฀I฀N฀E฀S฀ ฀W฀I฀T฀H฀ ฀CO N฀V E฀N฀T฀I฀O฀N฀A฀L฀ ฀A฀N฀D฀ A฀S฀P฀ CO฀N฀F฀I฀G฀U฀R฀A฀T฀I฀O฀N฀S 
฀I฀t฀e฀m฀s฀ ฀U฀n฀i฀t฀ ฀C฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀A฀S฀P฀ 
฀S฀y฀n฀c฀h฀r฀o฀n฀o฀u฀s฀ ฀i฀n฀d฀u฀c฀t฀a฀n฀c฀e฀ m฀H ฀1฀.91฀ ฀1฀.฀6฀1 
฀P฀h฀a฀s฀e฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e ฀m฀W฀b฀ ฀1฀4฀.฀9฀5฀ ฀2฀1฀.฀1฀3฀ 
฀P฀o฀w฀e฀r฀ ฀f฀a฀c฀t฀o฀r - ฀0฀.฀6฀2฀ ฀0฀.฀8฀0฀ 
' /RVVDQG(IILFLHQF\(YDOXDWLRQ
฀F฀i฀g฀.฀ ฀1฀6฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀e฀ ฀i฀r฀o฀n฀ ฀l฀o฀s฀s฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o F R฀P฀M  
฀m฀a฀c฀h฀i฀n฀e฀s฀.฀ ฀F฀i฀g฀.฀ ฀1฀6฀(฀a฀)฀ ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀A฀S฀P฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀s฀ho w฀s฀ 
฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀h฀i฀g฀h฀e฀r฀ ฀h฀y฀s฀t฀e฀r฀e฀s฀i฀s฀ ฀a฀n฀d฀ ฀e฀d฀d฀y฀-฀c฀u฀r฀r฀e฀n฀t฀ ฀l฀o฀s฀s฀e฀s฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ 
฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀.฀ ฀T฀h฀i฀s฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀d฀u฀e฀ ฀t฀o฀ ฀m฀o฀r฀e฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀ 
฀s฀a฀t฀u฀r฀a฀t฀i฀o฀n฀ ฀i฀n฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀c฀o฀r฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀c฀a฀u฀s฀e฀d฀ 
฀b฀y฀ ฀i฀t฀s฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ฀r฀e฀d฀u฀c฀t฀i฀o฀n฀,฀ ฀a฀s฀ ฀c฀l฀e฀a฀r฀l฀y฀ ฀i฀l฀l฀u฀s฀t฀r฀a฀t฀e฀d฀ ฀i฀n฀ F฀i฀g฀.฀ 1 6 ( b฀) .  
฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀P฀M฀ ฀l฀o฀s฀s฀ ฀a฀g฀a฀i฀n฀s฀t฀ ฀s฀p฀e฀e฀d฀ ฀c฀u฀r฀v฀e฀s฀ ฀w฀i฀t฀h฀ ฀o฀r฀ ฀w฀i฀t฀h฀o฀u฀t฀ 
฀P฀M฀ ฀a฀x฀i฀a฀l฀ ฀s฀e฀g฀m฀e฀n฀t฀a฀t฀i฀o฀n฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀7฀,฀ ฀i฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀s฀e฀e฀n  ฀t฀h฀a t฀ 
฀t฀h฀e฀ ฀P฀M฀ ฀e฀d฀d฀y฀-฀c฀u฀r฀r฀e฀n฀t฀ ฀l฀o฀s฀s฀e฀s฀ ฀a฀c฀c฀o฀u฀n฀t฀ ฀f฀o฀r฀ ฀1฀1฀.฀7฀%฀ ฀a฀n฀d฀ ฀1฀6฀.฀3฀%฀ ฀o฀f฀ ฀t฀h฀e฀ 
฀t฀o฀t฀a฀l฀ ฀l฀o฀s฀s฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀a฀n฀d฀ ฀A฀S฀P฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀s฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.  
฀C฀o฀n฀s฀e฀q฀u฀e฀n฀t฀l฀y฀,฀ ฀4฀-฀d฀i฀v฀i฀s฀i฀o฀n฀ ฀P฀M฀ ฀a฀x฀i฀a฀l฀ ฀s฀e฀g฀m฀e฀n฀t฀a฀t฀i฀o฀n฀ ฀i฀s฀ ฀e฀m฀p฀l฀o฀y฀e฀d฀ 
฀f฀o฀r฀ ฀t฀h฀e฀ ฀p฀r฀o฀t฀o฀t฀y฀p฀e฀ ฀m฀a฀n฀u฀f฀a฀c฀t฀u฀r฀i฀n฀g฀,฀ ฀w฀h฀i฀c฀h฀ ฀c฀a฀n฀ ฀r฀e฀d฀u฀c฀e฀ ฀t฀h฀e฀ ฀P฀M฀ ฀l฀o฀s฀s฀ 
฀b฀y฀ ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀e฀l฀y฀ ฀2฀/฀3฀.฀ ฀M฀o฀r฀e฀o฀v฀e฀r฀,฀ ฀t฀h฀e฀ ฀e฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ ฀v฀e฀r฀s฀u฀s฀ ฀s฀p฀e฀e d฀ 
฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀a฀r฀e฀ ฀p฀l฀o฀t฀t฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀8฀.฀ ฀O฀v฀e฀r฀a฀l฀l฀,฀ ฀t฀h฀e฀ ฀i฀r฀o฀n฀ l o s s  
฀c฀o฀m฀p฀o฀n฀e฀n฀t฀s฀,฀ ฀t฀h฀e฀ ฀m฀a฀g฀n฀e฀t฀ ฀l฀o฀s฀s฀,฀ ฀t฀h฀e฀ ฀c฀o฀p฀p฀e฀r฀ ฀l฀o฀s฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀e฀f฀f฀i฀c฀i฀e฀n฀c฀y  
฀a฀t฀ ฀t฀h฀e฀ ฀r฀a฀t฀e฀d฀ ฀l฀o฀a฀d฀ ฀a฀n฀d฀ ฀s฀p฀e฀e฀d฀ ฀a฀r฀e฀ ฀l฀i฀s฀t฀e฀d฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀I฀V฀.฀ ฀D฀u฀e฀ ฀t฀o฀ ฀h฀i฀g฀h฀e฀r 
฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀,฀ ฀t฀h฀e฀ ฀A฀S฀P฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀e฀x฀h฀i฀b฀i฀t฀s฀ ฀h฀i฀g฀h฀e฀r฀ ฀e฀f฀f฀i฀c฀i฀e฀nc y  
฀t฀h฀a฀n฀ ฀i฀t฀s฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀ ฀a฀l฀b฀e฀i฀t฀ ฀w฀i฀t฀h฀ ฀h฀i฀g฀h฀e฀r฀ ฀i฀r฀o฀n฀ ฀l฀o฀s฀s฀ 
฀P฀M฀ ฀e฀d฀d฀y฀-฀c฀u฀r฀r฀e฀n฀t฀ ฀l฀o฀s฀s฀,฀ ฀a฀n฀d฀ ฀c฀o฀m฀p฀a฀r฀a฀b฀l฀e฀ ฀c฀o฀p฀p฀e฀r฀ ฀l฀o฀s฀s฀.฀ ฀ 
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฀ ฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀1฀6฀.฀ ฀I฀r฀o฀n฀ ฀l฀o฀s฀s฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀a฀n฀d฀ ฀A฀S P - F R฀P฀M  m฀a฀c฀h i฀n฀e s .฀ 
฀(฀a฀)฀ ฀I฀r฀o฀n฀ ฀l฀o฀s฀s฀ ฀v฀e฀r฀s฀u฀s฀ ฀s฀p฀e฀e฀d฀ ฀c฀u฀r฀v฀e฀s฀.฀ ฀(฀b฀)฀ ฀S฀t฀a฀t฀o฀r฀ ฀a฀n฀d฀ ฀r฀o฀t฀o฀r฀ ฀i฀r฀o฀n฀ ฀l o฀s฀s  c o m฀p฀o n e n t s  
฀v฀e฀r฀s฀u฀s฀ ฀s฀p฀e฀e฀d฀ ฀c฀u฀r฀v฀e฀s฀.฀ 
฀ ฀F฀i฀g฀.฀ ฀1฀7฀.฀ ฀P฀M฀ ฀l฀o฀s฀s฀ ฀s฀u฀b฀j฀e฀c฀t฀ ฀t฀o฀ ฀a฀x฀i฀a฀l฀ ฀P฀M฀ ฀s฀e฀g฀m฀e฀n฀t฀a฀t฀i฀o฀n฀s฀.฀ 
฀ ฀F฀i฀g฀.฀ ฀1฀8฀.฀ ฀E฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ ฀v฀e฀r฀s฀u฀s฀ ฀s฀p฀e฀e฀d฀ ฀c฀u฀r฀v฀e฀s฀ ฀a฀t฀ ฀r฀a฀t฀e฀d฀ ฀l฀o฀a฀d฀.฀ 
( 7RUTXH6SHHG&XUYHV
฀T฀h฀e฀ ฀f฀l฀u฀x฀-฀w฀e฀a฀k฀e฀n฀i฀n฀g฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀i฀s฀ 
฀e฀v฀a฀l฀u฀a฀t฀e฀d฀.฀ ฀F฀i฀r฀s฀t฀,฀ ฀a฀ ฀f฀l฀u฀x฀-฀w฀e฀a฀k฀e฀n฀i฀n฀g฀ ฀f฀a฀c฀t฀o฀r฀ NIZ฀ ฀t฀h฀a฀t฀ ฀c฀h฀a฀r฀a฀c฀t e r i฀z e s฀ 
฀t฀h฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀e฀x฀t฀e฀n฀d฀i฀n฀g฀ ฀t฀h฀e฀ ฀s฀p฀e฀e฀d฀ ฀r฀a฀n฀g฀e฀ ฀a฀b฀o฀v฀e฀ ฀t฀h฀e฀ ฀b฀a฀s฀e฀ ฀s฀p฀e฀e฀d฀ 
฀c฀a฀n฀ ฀b฀e฀ ฀d฀e฀f฀i฀n฀e฀d฀ ฀a฀s฀ ฀[฀2฀7฀]฀ 
฀ ฀l฀i฀mGIZ
P
/ LN <  ฀(฀1฀9฀)฀ 
฀w฀h฀e฀r฀e฀ LOLP  ฀a฀n฀d฀ /G฀a฀r฀e฀ ฀t฀h฀e฀ ฀m฀a฀x฀i฀m฀u฀m฀ ฀p฀h฀a฀s฀e฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀a฀n฀d฀ ฀t฀h฀e฀ G฀-฀a x฀i s  
฀i฀n฀d฀u฀c฀t฀a฀n฀c฀e฀;฀ ฀A฀s฀ ฀a฀ ฀r฀e฀s฀u฀l฀t฀,฀ ฀t฀h฀e฀ ฀b฀a฀s฀e฀ ฀s฀p฀e฀e฀d฀,฀ ฀p฀e฀a฀k฀ ฀p฀o฀w฀e฀r฀,฀ ฀a฀n฀d NIZ  e c .  
฀a฀r฀e฀ ฀l฀i฀s฀t฀e฀d฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀V฀.฀ ฀T฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀/฀p฀o฀w฀e฀r฀-฀s฀p฀e฀e฀d฀ ฀c฀u฀r฀v฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ t w฀o฀ 
฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀9฀.฀ ฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀s฀e฀e฀n฀ ฀t฀h฀a฀t฀ ฀b฀o฀t฀h฀ 
฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀c฀a฀n฀ ฀a฀c฀h฀i฀e฀v฀e฀ ฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀l฀y฀ ฀i฀n฀f฀i฀n฀i฀t฀e฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀-฀p฀ow฀e r  
฀s฀p฀e฀e฀d฀ ฀r฀a฀n฀g฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀g฀i฀v฀e฀n฀ ฀i฀n฀v฀e฀r฀t฀e฀r฀ ฀p฀o฀w฀e฀r฀ ฀r฀a฀t฀i฀n฀g฀ ฀s฀i฀n฀c฀e฀ ฀t฀h฀e฀ ฀f฀l฀u฀x฀-
฀w฀e฀a฀k฀e฀n฀i฀n฀g฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀a฀r฀e฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀1฀.฀ ฀T฀h฀e฀ ฀b฀a฀s฀e฀ ฀s฀p฀e฀e฀d฀ o f  t h e  
฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀c฀a฀s฀e฀ ฀i฀s฀ ฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀a฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀A฀S฀P  o n฀e฀,  
฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀a฀t฀t฀r฀i฀b฀u฀t฀e฀d฀ ฀t฀o฀ ฀i฀t฀s฀ ฀m฀u฀c฀h฀ ฀l฀o฀w฀e฀r฀ ฀p฀h฀a฀s฀e฀ ฀P฀M฀ ฀f฀l฀u฀x฀ 
฀l฀i฀n฀k฀a฀g฀e฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀h฀a฀s฀ ฀h฀i฀g฀h฀e฀r฀ ฀p฀e฀a฀k฀ 
฀p฀o฀w฀e฀r฀ ฀m฀a฀i฀n฀t฀a฀i฀n฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀ 
฀d฀u฀e฀ ฀t฀o฀ ฀i฀t฀s฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀.฀ 
) 0HFKDQLFDO$QDO\VHV
฀S฀i฀n฀c฀e฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀s฀u฀f฀f฀e฀r฀s฀ ฀f฀r฀o฀m฀ 
฀u฀n฀c฀o฀m฀p฀e฀n฀s฀a฀t฀e฀d฀ ฀r฀a฀d฀i฀a฀l฀ ฀f฀o฀r฀c฀e฀s฀ ฀s฀i฀n฀c฀e฀ 1U฀ ฀i฀s฀ ฀a฀n฀ ฀o฀d฀d฀ ฀n u m b฀e฀r฀,  t h฀e฀ 
฀m฀e฀c฀h฀a฀n฀i฀c฀a฀l฀ ฀a฀n฀a฀l฀y฀s฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀w฀i฀t฀h฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l 
฀a฀n฀d฀ ฀A฀S฀P฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀s฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀c฀a฀r฀r฀i฀e฀d฀ ฀o฀u฀t฀.฀ ฀T฀h฀e฀ ฀n฀o฀r฀m฀a฀l฀ ฀f฀o฀r฀c฀e฀ ฀a฀n฀d฀ 
฀r฀a฀d฀i฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀w฀i฀t฀h฀ ฀1฀6฀ ฀a฀n฀d฀ ฀1฀7฀ 
฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀s฀ ฀u฀n฀d฀e฀r฀ ฀r฀a฀t฀e฀d฀ ฀s฀p฀e฀e฀d฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀s฀.฀ ฀2฀0฀ ฀a฀n฀d฀ ฀2฀1฀,฀ 
฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀m฀a฀x฀i฀m฀u฀m฀ 
฀e฀l฀e฀c฀t฀r฀o฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀f฀o฀r฀c฀e฀ ฀a฀n฀d฀ ฀s฀t฀r฀e฀s฀s฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀ 
฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀t฀a฀b฀u฀l฀a฀t฀e฀d฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀V฀I฀.฀ ฀O฀v฀e฀r฀a฀l฀l฀,฀ ฀t฀h฀e฀ ฀m฀a฀x฀i฀m฀u฀m฀ 
฀n฀o฀r฀m฀a฀l฀ ฀f฀o฀r฀c฀e฀s฀ ฀a฀n฀d฀ ฀m฀e฀c฀h฀a฀n฀i฀c฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀A฀S฀P฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀a฀r฀e฀ 
฀m฀u฀c฀h฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀o฀s฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀o฀n฀e฀ ฀r฀e฀g฀a฀r฀d฀l฀e฀s฀s฀ ฀o฀f฀ 
฀l฀o฀a฀d฀ ฀c฀u฀r฀r฀e฀n฀t฀s฀.฀ ฀T฀h฀i฀s฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ฀s฀u฀p฀p฀r฀es s i฀o n  
฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀ ฀w฀h฀i฀c฀h฀ ฀e฀x฀p฀e฀r฀i฀e฀n฀c฀e฀s฀ 
฀h฀i฀g฀h฀e฀r฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀i฀e฀s฀ ฀a฀n฀d฀ ฀t฀h฀u฀s฀ ฀m฀o฀r฀e฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀s฀a฀t฀u฀r฀a฀t฀i฀o฀n฀ ฀i฀n฀ ฀t฀h฀e฀ 
฀s฀t฀a฀t฀o฀r฀ ฀c฀o฀r฀e฀.฀ ฀B฀e฀s฀i฀d฀e฀s฀,฀ ฀i฀t฀ ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀m฀a฀x฀i฀m฀u฀m฀ ฀n฀or m฀a฀l฀ 
฀f฀o฀r฀c฀e฀s฀ ฀a฀n฀d฀ ฀s฀t฀r฀e฀s฀s฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀1฀7฀-฀r฀o฀t฀o฀r฀ ฀c฀a฀s฀e฀ ฀a฀r฀e฀ ฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀h฀i฀g฀he฀r  t h฀a฀n฀ 
฀t฀h฀o฀s฀e฀ ฀o฀f฀ ฀1฀6฀-฀r฀o฀t฀o฀r฀ ฀c฀a฀s฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀A฀S฀P฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀s฀ ฀u฀n฀d฀e฀r฀ ฀t฀h฀e฀ ฀o฀n฀-฀l฀o฀a฀d฀ 
฀o฀p฀e฀r฀a฀t฀i฀o฀n฀.฀ ฀T฀h฀i฀s฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀u฀n฀b฀a฀l฀a฀n฀c฀e฀d฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀p฀u฀ll  
฀o฀f฀ ฀t฀h฀e฀ ฀1฀7฀-฀r฀o฀t฀o฀r฀ ฀F฀R฀M฀s฀.฀ ฀N฀e฀v฀e฀r฀t฀h฀e฀l฀e฀s฀s฀,฀ ฀i฀t฀ ฀i฀s฀ ฀w฀o฀r฀t฀h฀ ฀m฀e฀n฀t฀i฀o฀n฀i฀n฀g  ฀a฀l฀l฀ 
฀t฀h฀e฀ ฀s฀t฀r฀e฀s฀s฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀a฀r฀e฀ ฀m฀u฀c฀h฀ ฀l฀o฀w฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀m฀a฀x฀i฀m฀u฀m฀ ฀a฀l฀l฀o฀w฀e฀d฀ 
฀y฀i฀e฀l฀d฀ ฀s฀t฀r฀e฀n฀g฀t฀h฀ ฀(฀4฀3฀5฀M฀P฀a฀)฀,฀ ฀w฀h฀i฀c฀h฀ ฀p฀e฀r฀m฀i฀t฀ ฀t฀h฀e฀ ฀s฀t฀a฀b฀l฀e฀ ฀o฀p฀e฀r฀a฀t฀i฀o฀n฀.฀ 
฀ 
฀T฀A฀B฀L฀E฀ I V฀ 
฀C฀O฀M฀P฀A฀R฀I฀S฀O฀N฀ ฀O฀F฀ LO S S฀ ฀CH A฀R฀A฀C฀T฀E฀R฀I฀S฀T฀I฀C฀S฀ ฀O฀F฀ 1 2฀/฀1 7 - PO L฀E฀ F R฀P฀M M฀A฀C฀H฀I฀N฀E฀S฀ 
฀W฀I฀T฀H฀ C฀O฀N฀V฀E฀N฀T฀I฀O฀N฀A฀L฀ ฀A฀N฀D฀ A฀S฀P฀ CO฀N฀F฀I฀G฀U฀R฀A฀T฀I฀O฀N฀S฀ @฀ R฀A฀T฀E฀D- L฀O฀A฀D, ฀A฀N฀D฀ 
฀1฀0฀0฀0฀ R /฀MI฀N 
฀I฀t฀e฀m฀s ฀U฀n฀i฀t฀ ฀C฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l ฀A฀S฀P 
฀I฀r฀o฀n฀ ฀l฀o฀s฀s฀ ฀(฀s฀t฀a฀t฀o฀r฀)฀ W฀ 1 2 . 1฀9฀ ฀1฀3฀.฀9฀4฀ 
฀I฀r฀o฀n฀ ฀l฀o฀s฀s฀ ฀(฀r฀o฀t฀o฀r฀)฀ ฀W฀ ฀5฀.฀7฀0฀ ฀5฀.฀3฀0฀ 
฀I฀r฀o฀n฀ ฀l฀o฀s฀s฀ ฀(฀e฀d฀d฀y฀-฀c฀u฀r฀r฀e฀n฀t฀)฀ ฀W ฀1฀0฀.฀2฀2  ฀1฀0฀.฀9฀5฀ 
฀I฀r฀o฀n฀ ฀l฀o฀s฀s฀ ฀(฀h฀y฀s฀t฀e฀r฀e฀s฀i฀s฀)฀ ฀W฀ ฀7฀.฀6฀7฀ ฀8฀.฀2฀9฀ 
฀C฀o฀p฀p฀e฀r฀ ฀l฀o฀s฀s฀ ฀W฀ ฀1฀4฀3฀ ฀1฀3฀9฀ 
฀M฀a฀g฀n฀e฀t฀ ฀l฀o฀s฀s฀ ฀W฀ ฀2฀.฀5฀1฀ ฀2฀.฀3฀4฀ 
฀O฀u฀t฀p฀u฀t฀ ฀p฀o฀w฀e฀r฀ ฀W฀ ฀5฀6฀0฀ ฀7฀0฀0฀ 
฀E฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ ฀%฀ ฀7฀7฀.฀4฀1฀ ฀8฀1฀.฀3฀4฀ 
฀T฀A฀B฀L฀E฀ V฀ 
฀C฀O฀M฀P฀A฀R฀I฀S฀O฀N฀ ฀O฀F฀ FL U X- W฀E฀A฀K฀E฀N฀I฀N฀G฀ ฀C฀H฀A฀R฀A฀C฀T฀E฀R฀I฀S฀T฀I฀C฀S฀ ฀O฀F฀ 1 2 /฀1 7 - PO L฀E฀ F R฀P฀M 
฀M฀A฀C฀H฀I฀N฀E฀S฀ ฀W฀I฀T฀H฀ ฀CO N฀V E฀N฀T฀I฀O฀N฀A฀L฀ ฀A฀N฀D฀ A฀S฀P฀ CO฀N฀F฀I฀G฀U฀R฀A฀T฀I฀O฀N฀S 
฀(8/,0฀=฀1฀2฀0฀V฀,฀ ,/,0฀=฀1฀4฀.฀1฀4฀A฀)฀ 
฀I฀t฀e฀m฀s฀ ฀U฀n฀i฀t฀ ฀C฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀A฀S฀P฀ 
฀B฀a฀s฀e฀ ฀s฀p฀e฀e฀d฀ r /฀m฀i฀n ฀1฀1฀8฀0฀ ฀1฀0฀0฀0฀ 
฀P฀e฀a฀k฀ ฀p฀o฀w฀e฀r฀ ฀W฀ ฀5฀6฀0฀ ฀7฀0฀0฀ 
P h a฀s฀e฀ f l฀u฀x฀ l฀i฀n฀k g฀e฀ ฀m฀W฀b฀ 1฀4฀.฀9 5  2 1฀.฀1฀3฀ 
G฀-฀a฀x฀i฀s฀ ฀i฀n฀d฀u฀c฀t฀a฀n฀c฀e฀ ฀m฀H฀ ฀2฀.฀7฀6฀ ฀2฀.฀3฀7฀ 
NIZ ฀-฀ ฀1฀.฀8฀4฀ ฀1฀.฀1฀2฀ 
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฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀1฀9฀.฀ ฀(฀a฀)฀ ฀T฀o฀r฀q฀u฀e฀ ฀v฀e฀r฀s฀u฀s฀ ฀s฀p฀e฀e฀d฀ ฀c฀u฀r฀v฀e฀s฀.฀ ฀(฀b฀)฀ ฀P฀o฀w฀e฀r฀ ฀v฀e฀r฀s฀u฀s฀ ฀s฀p฀e฀e d  ฀c฀u r฀v e s฀.฀ ฀(฀D฀C -
฀l฀i฀n฀k฀ ฀v฀o฀l฀t฀a฀g฀e฀=฀1฀2฀0฀V฀,฀ ฀p฀e฀a฀k฀ ฀c฀u฀r฀r฀e฀n฀t฀=฀1฀4฀.฀1฀4฀A฀) 
URWRU URWRU
฀ ฀(฀a฀)฀ 
฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀2฀0฀.฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀n฀o฀r฀m฀a฀l฀ ฀f฀o฀r฀c฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀a฀n฀d฀ ฀A S P -
฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀@฀ ฀r฀a฀t฀e฀d฀ ฀l฀o฀a฀d฀ ฀a฀n฀d฀ ฀s฀p฀e฀e฀d฀.฀ ฀(฀a฀)฀ ฀A฀S฀P฀.฀ ฀(฀b฀)฀ ฀C฀o฀n฀v฀e฀n฀t฀i฀o฀n a l .฀ 
* 5HPDUNV
฀B฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀f฀o฀r฀e฀g฀o฀i฀n฀g฀ ฀e฀l฀e฀c฀t฀r฀o฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ 
฀c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀r฀e฀s฀u฀l฀t฀s฀,฀ ฀t฀h฀e฀ ฀m฀e฀r฀i฀t฀s฀ ฀a฀n฀d฀ ฀d฀e฀m฀e฀r฀i฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀os e d  
฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀i฀n฀ ฀r฀e฀l฀a฀t฀i฀v฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀ 
฀c฀a฀n฀ ฀b฀e฀ ฀s฀u฀m฀m฀a฀r฀i฀z฀e฀d฀ ฀a฀s฀ ฀f฀o฀l฀l฀o฀w฀s฀:฀ 
฀1฀)฀ ฀I฀n฀ ฀t฀e฀r฀m฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀d฀v฀a฀n฀t฀a฀g฀e฀s฀,฀ ฀t฀h฀e฀ ฀b฀a฀c฀k฀-฀E฀M฀F฀ ฀m฀a฀g฀n฀i฀t฀u฀d฀e฀ ฀an d  
฀t฀h฀e฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀a฀r฀e฀ 
฀h฀i฀g฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀o฀s฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ 
฀d฀u฀e฀ ฀t฀o฀ ฀i฀t฀s฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ฀r฀e฀d฀u฀c฀t฀i฀o฀n฀ ฀e฀f฀f฀e฀c฀t฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀d฀u฀e฀ ฀t฀o฀ 
฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀l฀y฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀,฀ ฀t฀h฀e฀ ฀A฀S฀P฀ ฀m฀a฀c฀h฀i฀n฀e฀ 
฀e฀x฀h฀i฀b฀i฀t฀s฀ ฀h฀i฀g฀h฀e฀r฀ ฀e฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ ฀a฀n฀d฀ ฀h฀i฀g฀h฀e฀r฀ ฀p฀e฀a฀k฀ ฀p฀o฀w฀e฀r฀ ฀m฀a฀i฀n฀t฀a฀i฀n฀ 
฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀.฀ 
฀2฀)฀ ฀I฀n฀ ฀t฀e฀r฀m฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀i฀s฀a฀d฀v฀a฀n฀t฀a฀g฀e฀s฀,฀ ฀t฀h฀e฀ ฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀h฀i฀g฀h฀e฀r฀ ฀c฀o฀g฀g฀in g  
฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀A฀S฀P฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀.฀ ฀D฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ 
฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀s฀a฀t฀u฀r฀a฀t฀i฀o฀n฀ ฀c฀a฀u฀s฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀b฀i฀a฀s฀e฀d฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀,฀ t฀h฀e฀ 
฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀s฀h฀o฀w฀s฀ ฀n฀o฀n฀-฀l฀i฀n฀e฀a฀r฀ ฀t฀o฀r฀q฀u฀e฀-฀c฀u฀r฀r฀e฀n฀t฀ 
฀f฀e฀a฀t฀u฀r฀e฀,฀ ฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀h฀i฀g฀h฀e฀r฀ ฀i฀r฀o฀n฀ ฀l฀o฀s฀s฀ ฀a฀n฀d฀ ฀m฀a฀g฀n฀e฀t฀ ฀l฀o฀s฀s฀,฀ ฀a฀n฀d 
฀c฀o฀m฀p฀a฀r฀a฀b฀l฀e฀ ฀c฀o฀p฀p฀e฀r฀ ฀l฀o฀s฀s฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀c฀a฀s฀e฀ ฀u฀n฀d฀e฀r฀ ฀r฀a฀t฀e฀d฀ 
฀l฀o฀a฀d฀ ฀a฀n฀d฀ ฀s฀p฀e฀e฀d฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀m฀a฀x฀i฀m฀u฀m฀ ฀n฀o฀r฀m฀a฀l฀ ฀f฀o฀r฀c฀e฀s฀ ฀a฀n฀d฀ 
฀s฀t฀r฀e฀s฀s฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀A฀S฀P฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀a฀r฀e฀ ฀m฀u฀c฀h฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀o฀s฀e฀ o f  t h e  
฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀o฀n฀e฀.฀ 
URWRU URWRU
฀ ( a )  
฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀2฀1฀.฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀r฀a฀d฀i฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀h฀e ฀c฀o n฀v฀e฀n฀t฀i฀o฀n฀a l  ฀a n d  A฀S฀P฀-
฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀@฀ ฀r฀a฀t฀e฀d฀ ฀l฀o฀a฀d฀ ฀a฀n฀d฀ ฀s฀p฀e฀e฀d฀.฀ ฀(฀a฀)฀ ฀A฀S฀P฀.฀ ฀(฀b฀)฀ ฀C฀o฀n฀v฀e฀n฀ti o n฀a฀l .  
฀T฀A฀B฀L฀E฀ V฀I฀ 
฀C฀O฀M฀P฀A฀R฀I฀S฀O฀N฀ ฀O฀F฀ MA฀X฀I M฀U฀M฀ ฀EL E C฀T฀R฀O฀M฀A฀G฀N฀E฀T฀I฀C฀ ฀FO R C E  ฀A N D฀ ฀S R฀E฀S฀S฀ ฀RE U฀L฀T฀S฀ 
฀O฀F฀ 1 6฀/฀1฀7฀-฀R฀O฀T฀O฀R- PO฀L฀E฀ ฀F฀R฀P฀M M฀A฀C฀H฀I฀N฀E฀S฀ ฀W฀I฀T฀H฀ ฀CO N฀V E฀N฀T฀I฀O฀N฀A฀L฀ ฀A฀N฀D฀ A฀S฀P฀ 
฀C฀O฀N฀F฀I฀G฀U฀R฀A฀T฀I฀O฀N฀S 
฀M฀a฀c฀h฀i฀n฀e฀ ฀U฀n฀i฀t฀ ฀N฀o฀-l฀o฀a฀d฀ ฀R฀a฀t฀e฀d฀-l o a฀d฀ 
฀N฀o฀d฀a฀l฀ ฀f฀o฀r฀c฀e฀ 
฀1฀6฀-฀r฀o฀t฀o฀r฀ ฀C฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀N ฀1฀0 1 .฀6 1 ฀3฀5฀2฀.฀3฀8฀ 
฀1฀6฀-฀r฀o฀t฀o฀r฀ ฀A฀S฀P฀ ฀N฀ ฀2฀0฀6฀.฀5฀2฀ ฀4฀9฀0฀.฀2฀0฀ 
฀1฀7฀-฀r฀o฀t฀o฀r฀ ฀C฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀N ฀1฀3 0 .฀5 7 ฀3฀9฀1฀.฀5฀6฀ 
฀1฀7฀-฀r฀o฀t฀o฀r฀ ฀A฀S฀P ฀N฀ ฀2฀0฀3฀.฀7฀1฀ ฀5฀5฀7฀.฀9฀9฀ 
฀R฀a฀d฀i฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀ 
฀1฀6฀-r฀o฀t฀o฀r฀ ฀C฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ M P฀a฀ 2 . 4 2฀ ฀4฀.฀8฀0฀ 
฀1฀6฀-r฀o฀t฀o฀r฀ ฀A฀S฀P฀ ฀M฀P฀a ฀4฀.฀5฀7฀ ฀1฀3฀.฀8฀8฀ 
฀1฀7฀-r฀o฀t฀o฀r฀ ฀C฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ M P฀a฀ 2 . 4 9฀ ฀5฀.฀6฀4฀ 
฀1฀7฀-r฀o฀t฀o฀r฀ ฀A฀S฀P ฀M฀P฀a ฀4฀.฀5฀7฀ ฀1฀3฀.฀9฀9฀ 
฀T฀a฀n฀g฀e฀n฀t฀i฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀ 
฀1฀6฀-฀r฀o฀t฀o฀r฀ ฀C฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ M฀P฀a 3 . 6 2  ฀2฀4฀.฀9฀8฀ 
฀1฀6฀-฀r฀o฀t฀o฀r฀ ฀A฀S฀P฀ M P a ฀7฀.฀6฀8฀ ฀4฀2฀.฀8฀0฀ 
฀1฀7฀-฀r฀o฀t฀o฀r฀ ฀C฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ M฀P฀a 3 . 7 8  ฀2฀8฀.฀9฀8฀ 
฀1 7 -฀r฀o฀t฀o r  ฀A฀S฀P M P a ฀8฀. 2฀6฀ 4฀6฀.฀8 0  
9, (;3(5,0(17$/9$/,'$7,21
฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l฀l฀y฀ ฀v฀e฀r฀i฀f฀y฀ ฀t฀h฀e฀ ฀a฀b฀o฀v฀e฀ ฀a฀n฀a฀l฀y฀s฀e฀s฀,฀ ฀t฀h฀e฀ 
฀o฀p฀t฀i฀m฀i฀z฀e฀d฀ ฀1฀2฀-฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀/฀1฀7฀-฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e 
฀p฀r฀o฀t฀o฀t฀y฀p฀e฀ ฀i฀s฀ ฀m฀a฀n฀u฀f฀a฀c฀t฀u฀r฀e฀d฀ ฀a฀n฀d฀ ฀t฀e฀s฀t฀e฀d฀.฀ ฀T฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀a฀n฀d฀ ฀r฀o฀t฀o฀r฀ 
฀a฀s฀s฀e฀m฀b฀l฀i฀e฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀2฀.฀ 
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฀ 
฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀(฀a฀)฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀2฀2฀.฀ ฀T฀h฀e฀ ฀1฀2฀/฀1฀7฀-฀p฀o฀l฀e฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀p฀r฀o฀t฀o฀t฀y฀p฀e฀.฀ ฀(฀a฀)฀ ฀S฀t฀a฀t฀o r .฀ ฀(฀b฀)  R฀o t฀o฀r฀.฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀ ฀(฀c฀)฀ 
฀F฀i฀g฀.฀ ฀2฀3฀.฀ ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀F฀E฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀b฀a฀c฀k฀-฀E฀M฀F฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀to t y฀p e  ฀A S P -
฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀.฀ ฀(฀a฀)฀ ฀W฀a฀v฀e฀f฀o฀r฀m฀s฀.฀ ฀(฀b฀)฀ ฀H฀a฀r฀m฀o฀n฀i฀c฀ ฀s฀p฀e฀c฀t฀r฀u฀m฀.฀ ฀( c )  ฀F u n d a m฀e฀n฀t฀a฀l฀ E฀M฀F฀ 
฀v฀e฀r฀s฀u฀s฀ ฀s฀p฀e฀e฀d฀ ฀c฀u฀r฀v฀e฀.฀ 
฀T฀h฀e฀ ฀o฀p฀e฀n฀-฀c฀i฀r฀c฀u฀i฀t฀ ฀p฀h฀a฀s฀e฀ ฀b฀a฀c฀k฀-฀E฀M฀F฀,฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀ ฀s฀p฀e฀c฀t฀r฀u฀m฀ ฀a฀n฀d  
฀t฀h฀e฀ ฀f฀u฀n฀d฀a฀m฀e฀n฀t฀a฀l฀ ฀E฀M฀F฀ ฀v฀e฀r฀s฀u฀s฀ ฀s฀p฀e฀e฀d฀ ฀c฀u฀r฀v฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀p฀r฀o฀t฀o฀t฀y฀p฀e฀ 
฀m฀a฀c฀h฀i฀n฀e฀ ฀a฀r฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀a฀n฀d฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀w฀i฀t฀h฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀r฀e฀s฀u฀l฀t฀s฀,฀ 
฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀3฀.฀ ฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀s฀e฀e฀n฀ ฀t฀h฀a฀t฀ ฀b฀o฀t฀h฀ ฀t฀h฀e฀ ฀E฀M฀F฀ 
฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀s฀h฀o฀w฀ ฀s฀a฀t฀i฀s฀f฀a฀c฀t฀o฀r฀y฀ ฀s฀i฀n฀u฀s฀o฀i฀d฀a฀l฀ ฀l฀e฀v฀e฀l฀s฀,฀ ฀w฀i฀t฀h฀ ฀l฀o฀w฀ ฀t฀o฀t฀a฀l  
฀h฀a฀r฀m฀o฀n฀i฀c฀ ฀d฀i฀s฀t฀o฀r฀t฀i฀o฀n฀s฀ ฀(฀T฀H฀D฀s฀)฀ ฀o฀f฀ ฀5฀.฀6฀4฀%฀ ฀a฀n฀d฀ ฀4฀.฀9฀5฀%฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀F฀E฀ 
฀a฀n฀d฀ ฀t฀e฀s฀t฀ ฀r฀e฀s฀u฀l฀t฀s฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ ฀F฀i฀g฀s฀.฀ ฀2฀4฀ ฀a฀n฀d฀ ฀2฀5฀ ฀s฀h฀o฀w฀ ฀t฀h฀e฀ ฀F฀E  
฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀s฀t฀a฀t฀i฀c฀ ฀t฀o฀r฀q฀u฀e฀ ฀v฀e฀r฀s฀u฀s฀ ฀s฀p฀e฀e฀d฀,฀ ฀a฀s฀ ฀w฀e฀l฀l฀ ฀a฀s฀ 
฀t฀o฀r฀q฀u฀e฀ ฀a฀g฀a฀i฀n฀s฀t฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀.฀ ฀T฀h฀e฀ ฀s฀l฀i฀g฀h฀t฀ ฀d฀i฀f฀fe r฀e n c e฀ 
฀b฀e฀t฀w฀e฀e฀n฀ ฀F฀E฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀f฀a฀c฀t฀ ฀t฀h฀a฀t฀ 
฀t฀h฀e฀ ฀e฀n฀d฀-฀e฀f฀f฀e฀c฀t฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀m฀e฀c฀h฀a฀n฀i฀c฀a฀l฀ ฀t฀o฀l฀e฀r฀a฀n฀c฀e฀ ฀a฀r฀e฀ ฀n฀o฀t฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀ 
฀i฀n฀ ฀t฀h฀e฀ ฀F฀E฀ ฀a฀n฀a฀l฀y฀s฀e฀s฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀u฀n฀d฀e฀r฀ ฀t฀h฀e฀ ฀r฀a฀t฀e฀d฀-฀l฀o฀a฀d฀ ฀o฀p฀e฀r฀a฀t฀i฀o฀n฀,฀ 
฀t฀h฀e฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀l฀o฀s฀s฀/฀e฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ ฀a฀g฀a฀i฀n฀s฀t฀ ฀r฀o฀t฀a฀t฀i฀n฀g฀ 
฀s฀p฀e฀e฀d฀ ฀c฀u฀r฀v฀e฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀s฀.฀ ฀2฀6฀ ฀a฀n฀d฀ ฀2฀7฀.฀ ฀T฀h฀e฀ ฀m฀i฀s฀m฀a฀t฀c฀h  
฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀l฀o฀s฀s฀ ฀a฀n฀d฀ ฀e฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀a฀r฀e฀ ฀m฀a฀i฀n฀l฀y฀ ฀c฀a฀u฀s฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ 
฀r฀e฀l฀a฀t฀i฀v฀e฀ ฀e฀r฀r฀o฀r฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀F฀E฀ ฀i฀r฀o฀n฀ ฀l฀o฀s฀s฀ ฀m฀o฀d฀e฀l฀ ฀a฀n฀d฀ ฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ 
฀m฀e฀c฀h฀a฀n฀i฀c฀a฀l฀ ฀l฀o฀s฀s฀.฀ ฀T฀h฀e฀ ฀a฀b฀o฀v฀e฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀n฀d฀ 
฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀a฀r฀e฀ ฀q฀u฀a฀n฀t฀i฀t฀a฀t฀i฀v฀e฀l฀y฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀,฀ ฀a฀s฀ ฀l฀i฀s฀t฀e฀d฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ 
฀V฀I฀I฀.฀ ฀O฀v฀e฀r฀a฀l฀l฀,฀ ฀g฀o฀o฀d฀ ฀a฀g฀r฀e฀e฀m฀e฀n฀t฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀F฀E฀ ฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀n฀d฀ ฀te s t  
฀r฀e฀s฀u฀l฀t฀s฀ ฀c฀o฀n฀f฀i฀r฀m฀s฀ ฀t฀h฀e฀ ฀a฀f฀o฀r฀e฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀a฀n฀a฀l฀y฀s฀e฀s฀.฀ 
฀ ฀F฀i฀g฀.฀ ฀2฀4฀.฀ ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀F฀E฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀s฀t฀a฀t฀i฀c฀ ฀t฀o฀r฀q฀u฀e฀ ฀a฀g฀a฀i฀n฀s฀t฀ ฀r o t o r  ฀p o฀s฀i฀t฀i฀o฀n฀ 
฀c฀u฀r฀v฀e฀s฀.฀ ฀(,D฀=฀-฀2,E = - 2,F = 1฀0฀A฀)฀ 
฀ ฀F฀i฀g฀.฀ ฀2฀5฀.฀ ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀F฀E฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀t฀o฀r฀q฀u฀e฀ ฀a฀g฀a฀i฀n฀s฀t฀ ฀c฀u฀r฀r฀e฀nt  c฀u฀r฀v฀e฀s฀.฀ ฀ 
฀ ฀F฀i฀g฀.฀ ฀2฀6฀.฀ ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀F฀E฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀i฀r฀o฀n฀ ฀l฀o฀s฀s฀ ฀a฀g฀a฀i฀n฀s฀t฀ ฀s฀p฀e฀e฀d฀ ฀c฀u฀r฀v฀e฀s฀ u n d e r  
฀r฀a฀t฀e฀d฀ ฀l฀o฀a฀d฀.฀ 
฀ ฀F฀i฀g฀.฀ ฀2฀7฀.฀ ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀e฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ ฀a฀g฀a฀i฀n฀s฀t฀ ฀s฀p฀e฀e฀d฀ 
฀c฀u฀r฀v฀e฀s฀ ฀u฀n฀d฀e฀r฀ ฀r฀a฀t฀e฀d฀ ฀l฀o฀a฀d฀.฀ 
฀ 
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฀ 
฀T฀A฀B฀L฀E฀ V฀I฀I฀ 
฀C฀O฀M฀P฀A฀R฀I฀S฀O฀N฀ ฀O฀F฀ F฀E฀-฀P฀R฀E D฀I C฀T฀E฀D฀ ฀A฀N฀D฀ ฀M฀E฀A฀S฀U฀R฀E฀D฀ OP N-฀CI R฀C฀U฀I฀T฀ ฀E M฀F฀ 
฀C฀H฀A฀R฀A฀C฀T฀E฀R฀I฀S฀T฀I฀C฀S฀, ฀A฀N D  R฀A฀T฀E D- L฀O฀A฀D฀ ฀IR O฀N฀ ฀LO S฀S฀,฀ E฀F฀F฀I฀C฀I฀E฀N฀C฀Y, A฀S  ฀W฀E฀L฀L฀ ฀A฀S฀ 
฀P฀O฀W฀E฀R฀ F฀A฀C฀T฀O฀R฀ ฀@฀ 1฀0฀0฀0 ฀R /฀MI฀N 
฀I฀t฀e฀m฀ ฀U฀n฀i฀t฀ ฀F฀E฀ ฀M฀e฀a฀s฀u฀r฀e฀d฀ 
฀F฀u฀n฀d฀a฀m฀e฀n฀t฀a฀l฀ ฀E฀M฀F฀ ฀V ฀3฀7฀.฀6฀6฀ ฀3฀5฀.฀6฀0฀ 
฀T฀H฀D฀ ฀%฀ ฀5฀.฀6฀4฀ ฀4฀.฀9฀5฀ 
฀I฀r฀o฀n฀ ฀l฀o฀s฀s ฀W฀ ฀1฀6฀.฀7฀2฀ ฀1฀9฀.฀4฀5฀ 
฀E฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ ฀%฀ ฀8฀1฀.฀4฀1฀ ฀7฀7฀.฀6฀0฀ 
฀P฀o฀w฀e฀r฀ ฀f฀a฀c฀t฀o฀r - ฀0฀.฀8฀0฀ ฀0฀.฀7฀6฀ 
9,, &21&/86,216
฀T฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ ฀p฀r฀o฀p฀o฀s฀e฀s฀ ฀a฀ ฀n฀o฀v฀e฀l฀ ฀A฀S฀P฀-฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀w฀i฀t฀h฀ 
฀a฀s฀y฀m฀m฀e฀t฀r฀i฀c฀ ฀“฀N฀S฀N฀-฀S฀-฀N฀S฀N฀”฀ ฀P฀M฀ ฀a฀r฀r฀a฀n฀g฀e฀m฀e฀n฀t฀.฀ ฀T฀h฀e฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ 
฀r฀e฀d฀u฀c฀t฀i฀o฀n฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m฀ ฀i฀s฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀l฀y฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀ ฀a฀n฀d฀ 
฀c฀o฀n฀f฀i฀r฀m฀e฀d฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀e฀x฀i฀s฀t฀e฀n฀c฀e฀ ฀o฀f฀ ฀b฀i฀a฀s฀e฀d฀ ฀c฀o฀i฀l฀ ฀f฀l฀u฀x฀ 
฀l฀i฀n฀k฀a฀g฀e฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀i฀n฀ ฀t฀o฀r฀q฀u฀e฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀ 
฀d฀e฀s฀i฀g฀n฀.฀ ฀T฀h฀e฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀ ฀i฀s฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀l฀y฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀d฀ ฀w i฀t฀h฀ ฀t฀h e  
฀a฀i฀d฀ ฀o฀f฀ ฀s฀i฀m฀p฀l฀i฀f฀i฀e฀d฀ ฀p฀e฀r฀m฀e฀a฀n฀c฀e฀ ฀m฀o฀d฀e฀l฀.฀ ฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀f฀o฀u฀n฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀12฀-
฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀/฀1฀7฀-฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀ ฀e฀x฀h฀i฀b฀i฀t฀s฀ ฀t฀h฀e฀ ฀h฀i฀g฀h฀e฀s฀t฀ 
฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀.฀ ฀ ฀T฀h฀e฀ ฀d฀e฀s฀i฀g฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀a฀r฀e฀ ฀t฀h฀e฀n฀ ฀g฀l฀o฀b฀a฀l฀l฀y 
฀o฀p฀t฀i฀m฀i฀z฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀G฀A฀ ฀a฀l฀g฀o฀r฀i฀t฀h฀m฀ ฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀i฀m฀p฀r฀o฀v฀e฀ ฀t฀h฀e฀ ฀t o฀r q u e  
฀q฀u฀a฀l฀i฀t฀y฀.฀ ฀F฀u฀r฀t฀h฀e฀r฀m฀o฀r฀e฀,฀ ฀t฀h฀e฀ ฀e฀l฀e฀c฀t฀r฀o฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀t฀he  
฀A฀S฀P฀-฀ ฀a฀n฀d฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀F฀R฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀a฀n฀a฀l฀y฀z฀e฀d฀ ฀a฀n฀d฀ 
฀c฀o฀m฀p฀a฀r฀e฀d฀.฀ ฀I฀t฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀S฀P฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀c฀a฀n฀ ฀p฀r฀o฀v฀i฀d฀e฀ 
฀2฀4฀.฀1฀6฀%฀ ฀h฀i฀g฀h฀e฀r฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀t฀o฀r฀q฀u฀e฀,฀ ฀3฀0฀.฀0฀4฀%฀ ฀l฀o฀w฀e฀r฀ ฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀,฀ 
฀2฀9฀%฀ ฀p฀o฀w฀e฀r฀ ฀f฀a฀c฀t฀o฀r฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀,฀ ฀a฀s฀ ฀w฀e฀l฀l฀ ฀a฀s฀ ฀h฀i฀g฀h฀e฀r฀ ฀e฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ 
฀a฀n฀d฀ ฀p฀e฀a฀k฀ ฀p฀o฀w฀e฀r฀ ฀m฀a฀i฀n฀t฀a฀i฀n฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀t฀h฀a฀n฀ ฀i฀t฀s฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ 
฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀A฀S฀P฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀ ฀s฀h฀o฀w฀s฀ ฀h฀i฀g฀h฀e฀r฀ ฀i฀r฀o฀n฀ 
฀l฀o฀s฀s฀ ฀a฀n฀d฀ ฀m฀a฀x฀i฀m฀u฀m฀ ฀n฀o฀r฀m฀a฀l฀ ฀f฀o฀r฀c฀e฀s฀ ฀a฀n฀d฀ ฀m฀e฀c฀h฀a฀n฀i฀c฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀e฀s฀ ฀t฀h฀a฀n฀ 
฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀c฀a฀s฀e฀.฀ ฀F฀i฀n฀a฀l฀l฀y฀,฀ ฀t฀h฀e฀ ฀s฀a฀t฀i฀s฀f฀a฀c฀t฀o฀r฀y฀ ฀a฀g฀r฀e฀em฀e฀n฀t  
฀b฀e฀t฀w฀e฀e฀n฀ ฀F฀E฀ ฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀n฀d฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀v฀a฀l฀i฀d฀a฀t฀e฀s฀ t h e  
฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀a฀n฀a฀l฀y฀s฀e฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀a฀d฀v฀a฀n฀t฀a฀g฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀A฀SP  
฀d฀e฀s฀i฀g฀n฀.฀ 
5()(5(1&(6
฀[฀1฀] M฀.฀ ฀C฀h฀e฀n฀g฀,฀ ฀W฀.฀ ฀H฀u฀a฀,฀ ฀J฀.฀ ฀Z฀h฀a฀n฀g฀,฀ ฀a฀n฀d฀ ฀W฀.฀ ฀Z฀h฀a฀o฀,฀ ฀“฀O฀v฀e฀r฀v฀i฀e฀w฀ ฀o฀f฀ ฀s฀t฀a฀to r  
฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀b฀r฀u฀s฀h฀l฀e฀s฀s฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀,฀”฀ ,(((7UDQV .  ,QG฀.฀ (OHFWURQ฀v฀o฀l฀.฀ 
฀5฀8฀,฀ ฀n฀o฀.฀ ฀1฀1฀,฀ ฀p฀p฀.฀ ฀5฀0฀8฀7฀-฀5฀1฀0฀1฀,฀ ฀N฀o฀v฀.฀ ฀2฀0฀1฀1฀.฀ ฀ 
฀[฀2฀] X฀.฀ ฀Y฀.฀ ฀M฀a฀,฀ ฀G฀.฀ ฀J฀.฀ ฀L฀i฀,฀ ฀G฀.฀ ฀W฀.฀ ฀J฀e฀w฀e฀l฀l฀,฀ ฀Z฀.฀ ฀Q฀.฀ ฀Z฀h฀u฀,฀ ฀a฀n฀d฀ ฀H฀.฀ ฀L฀. ฀Z h a n฀,  ฀“ P r f฀o r m฀a฀n฀c e฀ 
฀c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀d฀o฀u฀b฀l฀y฀ ฀s฀a฀l฀i฀e฀n฀t฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀t฀o฀p฀o฀l฀o฀g฀i฀e฀s฀ ฀s฀u฀p฀p l฀i฀e฀d  ฀b y  
฀s฀i฀n฀e฀w฀a฀v฀e฀ ฀c฀u฀r฀r฀e฀n฀t฀s฀,฀”฀ ,(((7UDQV,QG(OHFWURQ฀,฀ ฀v฀o฀l฀.฀ ฀6฀3฀,฀ ฀n฀o฀.฀ ฀7฀,฀ ฀p฀p฀.฀ ฀4฀0฀8฀6฀-
฀4฀0฀9฀6฀,฀ ฀O฀c฀t฀.฀ ฀2฀0฀1฀6฀.฀ 
฀[฀3฀] I฀.฀ ฀B฀o฀l฀d฀e฀a฀,฀ ฀L฀.฀ ฀N฀.฀ ฀T฀u฀t฀e฀l฀e฀a฀,฀ ฀L฀.฀ ฀P฀a฀r฀s฀a฀,฀ ฀a฀n฀d฀ ฀D฀.฀ ฀D฀o฀r฀r฀e฀l฀l฀,฀ ฀“฀A฀u฀t฀o฀m o t i v e  e฀l e c t r i c  
฀p฀r฀o฀p฀u฀l฀s฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀s฀ ฀w฀i฀t฀h฀ ฀r฀e฀d฀u฀c฀e฀d฀ ฀o฀r฀ ฀n฀o฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀s฀:฀ ฀a฀n฀ 
฀o฀v฀e฀r฀v฀i฀e฀w฀,฀”฀ ,(((7UDQV,QG(OHFWURQ฀,฀ ฀v฀o฀l฀.฀ ฀6฀1฀,฀ ฀n฀o฀.฀ ฀1฀0฀,฀ ฀p฀p฀.฀ ฀5฀6฀9฀6฀-฀5฀7฀1฀1฀,฀ 
฀O฀c฀t฀.฀ ฀2฀0฀1฀4฀.฀ 
฀[฀4฀] T฀.฀ ฀F฀u฀k฀a฀m฀i฀,฀ ฀Y฀.฀ ฀M฀a฀t฀s฀u฀u฀r฀a฀ ฀a฀n฀d฀ ฀K฀,฀ ฀S฀h฀i฀m฀a฀,฀ ฀“฀A฀ ฀m฀u฀l฀t฀i฀p฀o฀l฀e฀ ฀s฀y฀n฀c฀h฀r฀o฀n฀o฀u฀s 
฀m฀a฀c฀h฀i฀n฀e฀ ฀w฀i฀t฀h฀ ฀n฀o฀n฀-฀o฀v฀e฀r฀l฀a฀p฀p฀i฀n฀g฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀e฀d฀ ฀a฀r฀m฀a฀t฀u฀r฀e฀ ฀a฀n฀d฀ ฀f฀i฀el d  w i n d i n g s  
฀o฀n฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀,฀”฀ ,(((7UDQV,QG(OHFWURQ฀. ,฀ ฀v฀o฀l฀.฀ ฀5฀9฀,฀ ฀n฀o฀.฀ ฀6฀,฀ ฀p฀p฀.฀ ฀2฀5฀8฀3฀-฀2฀5฀9฀1฀,฀ 
฀J฀u฀n฀.฀ ฀2฀0฀1฀2฀.฀ ฀ 
฀[฀5฀] Y฀.฀ ฀L฀i฀a฀o฀,฀ ฀F฀.฀ ฀L฀i฀a฀n฀g฀,฀ ฀a฀n฀d฀ ฀T฀.฀ ฀A฀.฀ ฀L฀i฀p฀o฀,฀ ฀“฀A฀ ฀n฀o฀v฀e฀l฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t m o t o r
฀w฀i฀t฀h฀ ฀d฀o฀u฀b฀l฀y฀ ฀s฀a฀l฀i฀e฀n฀t฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀,฀”฀ ,(((7UDQV,QG$SSO ,  v o฀l฀.  3 1 ,  n o .฀ ฀5฀,฀ ฀p฀p฀.฀ 
฀1฀0฀6฀9฀-฀1฀0฀7฀8฀,฀ ฀S฀e฀p฀.฀/฀O฀c฀t฀.฀ ฀1฀9฀9฀5฀.฀ 
฀[฀6฀] D฀.฀ ฀W฀u฀,฀ ฀J฀.฀ ฀T฀.฀ ฀S฀h฀i฀,฀ ฀Z฀.฀ ฀Q฀.฀ ฀Z฀h฀u฀,฀ ฀a฀n฀d฀ ฀X฀.฀ ฀L฀i฀u฀,฀ ฀“฀E฀l฀e฀c฀t฀r฀o฀m฀a฀g฀n฀et i c  p e r฀f฀o r m a n c e  
฀o฀f฀ ฀n฀o฀v฀e฀l฀ ฀s฀y฀n฀c฀h฀r฀o฀n฀o฀u฀s฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀w฀i฀t฀h฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀s฀ ฀i฀n฀ ฀st a t฀o฀r฀ ฀y฀o฀k฀e ,฀”฀ 
,(((7UDQV0DJQ฀,฀ ฀v฀o฀l฀.฀ ฀5฀0฀,฀ ฀n฀o฀.฀ ฀9฀,฀ ฀A฀r฀t฀.฀ ฀N฀o฀.฀ ฀8฀1฀0฀2฀0฀0฀9฀,฀ ฀S฀e฀p฀t฀.฀ ฀2฀0฀1฀4฀.฀ 
฀[฀7฀] I฀.฀ ฀A฀.฀ ฀A฀.฀ ฀A฀f฀i฀n฀o฀w฀i฀,฀ ฀Z฀.฀ ฀Q฀.฀ ฀Z฀h฀u฀,฀ ฀Y฀.฀ ฀G฀u฀a฀n฀,฀ ฀J฀.฀ ฀C฀.฀ ฀M฀i฀p฀o฀,฀ ฀a฀n฀d฀ ฀P฀.฀ ฀F฀a฀r฀a฀h฀,฀ ฀“฀A  ฀n฀o฀v e l฀ 
฀b฀r฀u฀s฀h฀l฀e฀s฀s฀ ฀a฀c฀ ฀d฀o฀u฀b฀l฀y฀ ฀s฀a฀l฀i฀e฀n฀t฀ ฀s฀t฀a฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀m c฀h฀i฀n฀e฀,฀”฀ ,(((
7UDQV(QHUJ\&RQYHUV฀,฀ ฀v฀o฀l฀.฀ ฀3฀1฀,฀ ฀n฀o฀.฀ ฀1฀,฀ ฀p฀p฀.฀ ฀2฀9฀3฀-฀2฀9฀2฀,฀ ฀M฀a฀r฀.฀ ฀2฀0฀1฀6฀.฀ 
฀[฀8฀] Y฀.฀ ฀W฀a฀n฀g฀ ฀a฀n฀d฀ ฀Z฀.฀ ฀D฀e฀n฀g฀,฀ ฀“฀H฀y฀b฀r฀i฀d฀ ฀e฀x฀c฀i฀t฀a฀t฀i฀o฀n฀ ฀t฀o฀p฀o฀l฀o฀g฀i฀e฀s฀ ฀a฀n฀d฀ c o n t฀r฀o฀l฀ 
฀s฀t฀r฀a฀t฀e฀g฀i฀e฀s฀ ฀o฀f฀ ฀s฀t฀a฀t฀o฀r฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀f฀o฀r฀ ฀D฀C฀ ฀p o w e r฀ ฀s฀y฀s฀t฀e฀m฀,฀”฀ 
,(((7UDQV,QG(OHFWURQ฀,฀ ฀v฀o฀l฀.฀ ฀5฀9฀,฀ ฀n฀o฀.฀ ฀1฀2฀,฀ ฀p฀p฀.฀ ฀4฀6฀0฀1฀-฀4฀6฀1฀6฀,฀ ฀D฀e฀c฀.฀ ฀2฀0฀1฀2฀.฀ 
฀[฀9฀] J฀.฀ ฀T฀.฀ ฀C฀h฀e฀n฀ ฀a฀n฀d฀ ฀Z฀.฀ ฀Q฀.฀ ฀Z฀h฀u฀,฀ ฀“฀W฀i฀n฀d฀i฀n฀g฀ ฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀s฀ ฀a฀n฀d฀ ฀o฀p฀t฀i฀m฀a฀l฀ ฀s t a฀t฀o r  ฀a฀n d  
฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀c฀o฀m฀b฀i฀n฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀f฀l฀u฀x฀-฀s฀w฀i฀t฀c฀h฀i฀n฀g฀ ฀P฀M฀ ฀b฀r฀u฀s฀h฀l฀e฀s฀s฀ ฀A฀C  ฀m a c h฀i n฀e฀s฀, ”฀ 
,(((7UDQV(QHUJ\&RQYHUV฀,฀ ฀v฀o฀l฀.฀ ฀2฀5฀,฀ ฀n฀o฀.฀ ฀2฀,฀ ฀p฀p฀.฀ ฀2฀9฀3฀–฀3฀0฀2฀,฀ ฀J฀u฀n฀.฀ ฀2฀0฀1฀0฀.฀ 
฀[฀1฀0฀] R .฀ ฀P฀.฀ ฀D฀e฀o฀d฀h฀a฀r฀,฀ ฀S฀.฀ ฀A฀n฀d฀e฀r฀s฀s฀o฀n฀,฀ ฀I฀.฀ ฀B฀o฀l฀d฀e฀a฀,฀ ฀a฀n฀d฀ ฀T฀.฀ ฀J฀.฀ ฀E฀.฀ ฀M฀i฀l฀l฀e฀r ,  “ T h e  f฀l u฀x฀-
฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀m฀a฀c฀h฀i฀n฀e฀:฀ ฀a฀ ฀n฀e฀w฀ ฀b฀r฀u฀s฀h฀l฀e฀s฀s฀ ฀d฀o฀u฀b฀l฀y฀-฀s฀a฀l฀i฀e฀n฀t฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t m a g n e t  
m฀a฀c฀h฀i฀n฀e฀,฀”฀ ,(((7DQV,QG$SSO฀.฀,฀ ฀v฀o฀l฀.฀ ฀3฀3฀,฀ ฀n฀o฀.฀ ฀4฀,฀ ฀p฀p฀.฀ ฀9฀2฀5฀-฀9฀3฀4฀,฀ ฀J฀u฀n฀.฀ ฀/฀A฀u฀g฀.฀ 
฀1฀9฀9฀7฀.฀ 
฀[฀1฀1฀] I .  ฀B o l฀d e a ,฀ ฀L฀.฀ ฀Z฀h฀a฀n฀g฀,฀ ฀a฀n฀d฀ ฀S฀.฀ ฀A฀.฀ ฀N฀a฀s฀a฀r฀,฀ ฀“฀T฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r i฀z฀a฀t฀i฀o฀n  ฀o฀f  ฀f฀l u฀x฀ 
฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀i฀n฀ ฀l฀o฀w฀-฀s฀p฀e฀e฀d฀ ฀s฀e฀r฀v฀o฀ ฀d฀r฀i฀v฀e฀s฀-฀t฀h฀e฀ ฀p฀o฀l฀e฀-฀P฀Mc o n f i g u r a฀t i฀o฀n ,฀”฀ 
,(((7UDQV,QG$SSO฀,฀ ฀v฀o฀l฀.฀ ฀3฀8฀,฀ ฀n฀o฀.฀ ฀6฀,฀ ฀p฀p฀.฀ ฀1฀5฀4฀9฀–฀1฀5฀5฀7฀,฀ ฀N฀o฀v฀.฀/฀D฀e฀c฀.฀ ฀2฀0฀0฀2฀.฀ 
฀[฀1฀2฀] C .฀ ฀H฀.฀ ฀T฀.฀ ฀L฀e฀e฀,฀ ฀K฀.฀ ฀T฀.฀ ฀C฀h฀a฀u฀,฀ ฀a฀n฀d฀ ฀C฀.฀ ฀L฀i฀u฀,฀ ฀“฀D฀e฀s฀i฀g฀n฀ ฀a฀n฀d฀ ฀a฀n฀a฀l฀y฀s฀i฀s  o f  a  c o s t฀-
฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀m฀a฀g฀n฀e฀t฀l฀e฀s฀s฀ ฀m฀u฀l฀t฀i฀p฀h฀a฀s฀e฀ ฀f฀l฀u฀x฀-฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀D฀C฀-฀f฀i฀e฀l฀d฀ ฀m฀a฀c h฀i฀n฀e฀ ฀f฀o฀r฀ ฀w฀i฀n฀d  
฀p฀o฀w฀e฀r฀ ฀g฀e฀n฀e฀r฀a฀t฀i฀o฀n฀,฀”฀ ,((( 7UDQV (QHUJ\ &RQYHUV ,  ฀v฀o฀l฀.฀ ฀3฀0฀,฀ ฀n฀o฀.฀ ฀4฀,฀ ฀p฀p฀.฀ 
฀1฀5฀6฀5฀-฀1฀5฀7฀3฀,฀ ฀J฀u฀n฀.฀ ฀2฀0฀1฀5฀. 
฀[฀1฀3฀] Y .฀ ฀G฀a฀o฀,฀ ฀R฀.฀ ฀Q฀u฀,฀ ฀D฀.฀ ฀L฀i฀,฀ ฀J฀.฀ ฀L฀i฀,฀ ฀a฀n฀d฀ ฀L฀.฀ ฀W฀u฀,฀ ฀“฀D฀e฀s฀i฀g฀n฀ ฀o฀f฀ ฀t฀h฀r฀e฀e฀-฀p฀h a s e  f l u x -
฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀w฀i฀t฀h฀ ฀f฀r฀a฀c฀t฀i฀o฀n฀a฀l฀-฀s฀l฀o฀t฀ ฀w฀i฀n฀d฀i฀n฀g฀s฀”฀ ,(((7UDQ฀.  ,QG .  $SSO ,  
฀v o฀l฀.  ฀5฀2฀,฀ ฀n฀o฀.฀ ฀4฀,  ฀p฀p .฀ 2 8฀5฀6 -฀2฀8฀6฀4฀,  ฀J฀u l฀.฀ 2 0฀1฀6฀.  
฀[฀1฀4฀] D .  ฀M฀o฀r฀e฀ a฀n฀d฀ B .฀ F e฀r฀n฀a฀n฀d e s฀,฀ ฀“ P o w e r฀ ฀d฀e n s฀i฀t y฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀ ฀of  t r e e฀ ฀p฀h a฀s฀e  
฀f฀l฀u฀x฀ ฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀w฀i฀t฀h฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀e฀d฀ ฀w฀i฀n฀d฀i฀n฀g฀,฀”฀ ,(7 - (OHFW 3RZHU
$SSO฀,฀ ฀v฀o฀l฀.฀ ฀4฀,฀ ฀n฀o฀.฀ ฀2฀,฀ ฀p฀p฀.฀ ฀1฀0฀9฀–฀1฀2฀0฀,฀ ฀F฀e฀b฀.฀ ฀2฀0฀1฀0฀.฀ 
฀[฀1฀5฀] D .฀ ฀S฀.฀ ฀M฀o฀r฀e฀,฀ ฀a฀n฀d฀ ฀B฀.฀ ฀G฀.฀ ฀F฀e฀r฀n฀a฀n฀d฀e฀s฀,฀ ฀“฀A฀n฀a฀l฀y฀s฀i฀s฀ ฀o฀f฀ ฀f฀l฀u฀x฀-฀r฀e฀v฀e฀r s a฀l  m฀a฀c฀h฀i n e  
฀b a s฀e฀d  ฀o฀n฀ f฀i฀c฀t฀i฀t i฀o฀u฀s฀ e l฀e฀c฀t r฀i฀c฀a l฀ ฀g e a฀r฀, ”  ,(((7UDQV(QHUJ\&RQYHUV . ,  ฀v o l .฀ ฀2 5 ,฀ 
฀n฀o฀.฀ ฀4฀,฀ ฀p฀p฀.฀ ฀9฀4฀0฀-฀9฀4฀7฀,฀ ฀D฀e฀c฀.฀ ฀2฀0฀1฀0฀.฀ 
฀[฀1฀6฀] W฀.฀ ฀Z฀h฀a฀o฀,฀ ฀J฀.฀ ฀Z฀h฀e฀n฀g฀,฀ ฀J฀.฀ ฀W฀a฀n฀g฀,฀ ฀G฀.฀ ฀L฀i฀u฀,฀ ฀J฀.฀ ฀Z฀h฀a฀o฀,฀ ฀a฀n฀d฀ ฀Z฀.฀ ฀Y฀a฀n฀g฀,฀ ฀“฀D฀e฀s฀i g  a n฀d  
฀a฀n฀a฀l฀y฀s฀i฀s฀ ฀o฀f฀ ฀a฀ ฀l฀i฀n฀e฀a฀r฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀-฀m฀a฀g฀n฀e฀t฀ ฀v฀e฀r฀n฀i฀e฀r฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀w฀i฀t฀h฀ ฀i฀m p r฀o฀v฀e฀d฀ 
฀f฀o r฀c฀e฀ d e฀n฀s฀i t฀y฀,฀”฀ ,(((7UDQV,QG(OHFWURQ . ,  ฀v฀o฀l฀.฀ 6 3฀,฀ ฀n o .฀ ฀4฀,฀ ฀p฀p฀.  ฀2 0 7 2฀-฀2฀0 8 2 ,฀ 
฀A฀p฀r฀.฀ ฀2฀0฀1฀6฀.฀ 
฀[฀1฀7฀] Y .฀ ฀G฀a฀o฀,฀ ฀R฀.฀ ฀Q฀u฀,฀ ฀D฀.฀ ฀L฀i฀,฀ ฀a฀n฀d฀ ฀G฀.฀ ฀Z฀h฀o฀u฀,฀ ฀“฀C฀o฀n฀s฀e฀q฀u฀e฀n฀t฀-฀p฀o฀l฀e฀ ฀f฀l฀u฀x฀-฀r฀e฀v฀e฀r s a l  
฀p฀e฀r฀m฀a฀n฀e฀n฀t฀-฀m฀a฀g฀n฀e฀t฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀f฀o฀r฀ ฀e฀l฀e฀c฀t฀r฀i฀c฀ ฀v฀e฀h฀i฀c฀l฀e฀ ฀p฀r฀o฀p฀u฀l฀s฀i฀on , ”  ,(((7UDQV
$SSO6XSHUFRQG .฀,฀ v l฀.  ฀2฀6฀,  ฀n฀o฀.฀ 4 ,฀ ฀5 2 0 0฀1฀0฀5฀,  ฀J฀u฀n฀.฀ 2 0฀1฀6฀.฀ 
฀[฀1฀8฀] H .฀ ฀Y฀a฀n฀g฀,฀ ฀H฀.฀ ฀L฀i฀n฀,฀ ฀Z฀.฀ ฀Q฀.฀ ฀Z฀h฀u฀,฀ ฀S฀.฀ ฀F฀a฀n฀g฀,฀ ฀a฀n฀d฀ ฀Y฀.฀ ฀H฀u฀a฀n฀g฀,฀ ฀“฀A฀ ฀n฀o฀v฀e฀l฀ ฀f฀lu x฀ r e฀v e r s a฀l  
฀h฀y฀b฀r฀i฀d฀ ฀m฀a฀g฀n฀e฀t฀ ฀m฀e฀m฀o฀r฀y฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀”฀ ฀i฀n฀ 3URF(QHUJ\&RQYHUV&RQJUHVV
DQG([SR(&&(฀,฀ ฀2฀0฀1฀7฀ ฀I฀E฀E฀E฀,฀ ฀C฀i฀n฀c฀i฀n฀n฀a฀t฀i฀,฀ ฀U฀S฀A฀,฀ ฀2฀0฀1฀7฀.฀ ฀1฀0฀.฀1฀-฀1฀0฀.฀5฀.฀ ฀ 
฀[฀1฀9 ] H฀.  ฀Y฀a฀n฀g฀,  S฀.฀ ฀L฀y u฀,฀ H฀.  ฀L฀i n ,฀ ฀a฀n฀d฀ Z .฀ ฀Q฀.  Z h฀u฀,฀ ฀“฀A฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀-฀m฀od e฀ ฀s t a t o r  
c o฀n฀s e฀q฀u฀e฀n฀t  p฀o฀l e  ฀m฀e฀m฀o฀r฀y฀ m a฀c฀h฀i n e ,฀”฀ $,3$GYDQFHV฀,  v l .  ฀8฀,฀ n o .฀ 5  A฀r t .฀ ฀N฀o฀.  
฀0฀5฀6฀6฀1฀2฀,฀ ฀2฀0฀1฀8฀.฀ 
฀[฀2฀0฀] D฀.฀ ฀L฀i฀,฀ ฀Y฀.฀ ฀G฀a฀o฀,฀ ฀R฀.฀ ฀Q฀u฀,฀ ฀J฀.฀ ฀L฀i฀,฀ ฀Y฀.฀ ฀H฀u฀o฀,฀ ฀H฀.฀ ฀D฀i฀n฀g฀,฀ ฀“฀D฀e฀s฀i฀g฀n฀ ฀a฀n฀d฀ ฀a฀n฀a฀l฀ys i s  ฀o f a฀ 
฀f฀l u x  ฀r฀e v฀e฀r฀s a฀l฀ m฀a c h฀i฀n฀e฀ w i฀t฀h฀ e฀v฀e n l฀y฀ d i฀s฀t฀r i฀b฀u฀t฀e฀d  ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀ma g฀n฀e t s ,฀”฀ ,(((
7UDQV,QG$SSO ,฀ ฀v฀o฀l .฀ 5 4 ,฀ n o฀.฀ 1 ,฀ ฀p p .฀ ฀1฀7฀2฀- 1 8 3฀,฀ J a฀n฀.฀/฀F฀e฀b฀.฀ ฀2฀0฀1฀8฀.฀ 
฀[฀2฀1฀] H .฀ ฀Y฀.฀ ฀L฀i฀ ฀a฀n฀d฀ ฀Z฀.฀ ฀Q฀.฀ ฀Z฀h฀u฀,฀ ฀“฀I฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀m฀a฀g฀n฀e฀t฀ ฀a฀r฀r฀a฀n฀g฀e฀m฀e฀n฀t o฀n  
฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀o฀f฀ ฀f฀l฀u฀x฀ ฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀” ฀i฀n฀ 3URF,QW
(OHFWU0DFK'ULYHV&RQI,(0'&฀,฀ ฀M฀a฀y฀ ฀2฀0฀1฀7฀,฀ ฀p฀p฀.฀ ฀1฀–฀8฀.฀ 
฀[฀2 2 ] X .  ฀Z฀h฀u฀,  ฀W฀.฀ H u a฀,฀ W฀.  ฀W a฀n฀g฀,  a฀n฀d฀ W฀,  ฀H฀u฀a฀n g ,฀ “฀A฀n฀a฀l฀y฀s฀i฀s฀ ฀o฀f฀ ฀b฀a฀c฀k฀-฀EM F฀ ฀i n  
฀f฀l฀u฀x฀-฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀b฀y฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ ฀m o d u l฀a฀t฀i฀o฀n฀ 
฀t฀h฀e฀o฀r฀y฀,฀”฀ ,(((7UDQV .  ,QG฀.฀ (OHFWURQ฀ ฀i฀n฀ ฀p฀r฀e฀s฀s
฀[฀2฀3฀] H฀.฀ ฀Y฀.฀ ฀L฀i฀,฀ ฀Y฀.฀ ฀L฀i฀u฀,฀ ฀a฀n฀d฀ ฀Z฀.฀ ฀Q฀.฀ ฀Z฀h฀u฀,฀ ฀“฀C฀o฀m฀p฀a฀r฀a฀t฀i฀v฀e฀ ฀s฀t฀u฀d฀y฀ ฀o฀f฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l d  
฀m฀o฀d฀u฀l฀a฀t฀i฀o฀n฀ ฀i฀n฀ ฀f฀l฀u฀x฀ ฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀a฀n฀d฀ ฀v฀e฀r฀n฀i฀e฀r฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀m฀a฀c฀h฀i฀n e s ,฀”฀ 
,(((7UDQ0DJQ฀.฀,฀ ฀i฀n฀ ฀p฀r฀e฀s฀s฀. 
฀[฀2฀4฀] X .฀ ฀Z฀h฀u฀ ฀a฀n฀d฀ ฀W฀.฀ ฀H฀u฀a฀,฀ ฀“฀A฀n฀ ฀i฀m฀p฀r฀o฀v฀e฀d฀ ฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀ ฀f฀o฀r฀ ฀c฀o฀g฀g฀in฀g฀ ฀t฀o฀r฀q฀u฀e฀ 
฀r฀e฀d฀u฀c฀t฀i฀o฀n฀ ฀i฀n฀ ฀f฀l฀u฀x฀-฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀,฀”฀ ,((( 7UDQ .  
0DJQ฀.฀,฀ ฀v฀o฀l฀.฀ ฀5฀3฀,฀ ฀n฀o฀.฀ ฀6฀,฀ ฀8฀1฀0฀2฀5฀0฀4฀,฀ ฀J฀u฀n฀.฀ ฀2฀0฀1฀7฀.
฀[฀2฀5฀] Y฀.฀ ฀K฀i฀m฀,฀ ฀T฀.฀ ฀K฀i฀m฀,฀ ฀Y฀.฀ ฀K฀i฀m฀,฀ ฀W฀.฀ ฀O฀h฀,฀ ฀a฀n฀d฀ ฀J฀.฀ ฀L฀e฀e฀,฀ ฀“฀V฀a฀r฀i฀o฀u฀s฀ ฀d฀e฀s฀i฀g฀n฀ t e c฀h n i q u e฀s  
฀t฀o฀ ฀r฀e฀d฀u฀c฀e฀ ฀c฀o฀g฀g฀i฀n฀g฀ ฀t฀o฀r฀q฀u฀e฀ ฀i฀n฀ ฀f฀l฀u฀x฀-฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀,฀”฀ ฀i฀n฀ 3URF RI ,QW
&RQI(OHFW0DFK	6\VW฀,฀ ฀N฀a฀n฀j฀i฀n฀g฀,฀ ฀C฀h฀i฀n฀a฀,฀ ฀O฀c฀t฀.฀ ฀2฀0฀0฀5฀,฀ ฀p฀p฀.฀ ฀2฀6฀1฀-฀2฀6฀3฀.฀ 
฀[฀2฀6฀] G .฀ ฀V฀a฀k฀i฀l฀,฀ ฀P฀.฀ ฀U฀p฀a฀d฀h฀y฀a฀y฀,฀ ฀N฀.฀ ฀S฀h฀e฀t฀h฀,฀ ฀A฀.฀ ฀P฀a฀t฀e฀l฀,฀ ฀A฀.฀ ฀T฀i฀w฀a฀r฀i฀,  a n d฀ D฀.฀ M฀i฀l฀l e฀r฀,  
฀“฀T฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀ ฀r฀e฀d฀u฀c฀t฀i฀o฀n฀ ฀i฀n฀ ฀t฀h฀e฀ ฀f฀l฀u฀x฀ ฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀m฀o฀t฀o฀r฀ ฀b฀y฀ ฀r฀ot฀o r  ฀p฀o l e  s a p฀i n฀g฀ 
฀a฀n฀d฀ ฀s฀t฀a฀t฀o฀r฀ ฀e฀x฀c฀i฀t฀a฀t฀i฀o฀n฀,฀”฀ ฀i฀n฀ 3URFRI,QW&RQI(OHFW0DFK	6\VW ,  W฀u฀h฀a฀n฀,฀ 
฀C฀h฀i฀n฀a฀,฀ ฀O฀c฀t฀.฀ ฀2฀0฀0฀8฀,฀ ฀p฀p฀.฀ ฀2฀9฀8฀0฀-฀2฀9฀8฀5฀. 
฀[฀2฀7฀] G .฀ ฀Q฀i฀,฀ ฀J฀.฀ ฀T฀.฀ ฀C฀h฀e฀n฀,฀ ฀Z฀.฀ ฀Q฀.฀ ฀Z฀h฀u฀,฀ ฀D฀.฀ ฀H฀o฀w฀e฀,฀ ฀L฀.฀ ฀B฀.฀ ฀Z฀h฀o฀u฀,฀ ฀a฀n฀d฀ ฀C฀.฀ ฀L฀.฀ G฀u฀,฀ 
฀“฀I฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀s฀k฀e฀w฀ ฀a฀n฀d฀ ฀c฀r฀o฀s฀s฀-฀c฀o฀u฀p฀l฀i฀n฀g฀ ฀o฀n฀ ฀f฀l฀u฀x฀-฀w฀e฀a฀k฀e฀n฀i฀n฀g฀ ฀p฀e฀r฀f฀o฀r฀m฀a n c e฀ 
฀o฀f฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀b฀r฀u฀s฀h฀l฀e฀s฀s฀ ฀A฀C฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀,฀”฀ ,(((7UDQV0DJQ ,  v o l .฀ 
฀4฀5฀,฀ ฀n฀o฀.฀ ฀5฀,฀ ฀p฀p฀.฀ ฀2฀1฀1฀0฀–฀2฀1฀1฀7฀,฀ ฀M฀a฀y฀ ฀2฀0฀0฀9฀.฀ 
฀[฀2฀8฀] Z฀.฀ ฀Q฀.฀ ฀Z฀h฀u฀ ฀a฀n฀d฀ ฀X฀.฀ ฀L฀i฀u฀,฀ ฀“฀I฀n฀d฀i฀v฀i฀d฀u฀a฀l฀ ฀a฀n฀d฀ ฀g฀l฀o฀b฀a฀l฀ ฀o฀p฀t฀i฀m฀i฀z฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀sw฀i฀t฀c฀h฀e฀d฀ 
฀f฀l฀u฀x฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀m฀o฀t฀o฀r฀s฀,฀”฀ ฀i฀n฀ 3URF,QW&RQI(OHFWU0DFKLQ6\VW . ,  
฀(,&(06฀)฀,฀ ฀A฀u฀g฀.฀ ฀2฀0฀1฀8฀,฀ ฀p฀p฀.฀ ฀1฀-฀6฀.฀ 
฀[฀2฀9฀] Q฀.฀ ฀L฀u฀,฀ ฀Y฀.฀ ฀Y฀a฀o฀,฀ ฀J฀.฀ ฀S฀h฀i฀,฀ ฀Y฀.฀ ฀S฀h฀e฀n฀,฀ ฀X฀.฀ ฀H฀u฀a฀n฀g฀,฀ ฀a฀n฀d฀ ฀Y฀.฀ ฀F฀a฀n฀g฀,฀ ฀“D฀e฀s฀i g฀n฀ ฀a฀n฀d฀ 
฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀n฀o฀v฀e฀l฀ ฀l฀i฀n฀e฀a฀r฀ ฀s฀w฀i฀t฀c฀h฀e฀d฀ ฀f฀l฀u฀x฀ ฀P฀M  m฀a c฀h฀i฀n฀e฀s฀, ”  
,(((7UDQV,QG$SSO฀,฀ ฀v฀o฀l฀.฀ ฀5฀3฀,฀ ฀n฀o฀.฀ ฀5฀,฀ ฀p฀p฀.฀ ฀4฀5฀9฀0฀-฀4฀6฀0฀2฀,฀ ฀S฀e฀p฀t฀.฀/฀O฀c฀t฀.฀ ฀2฀0฀1฀7฀.฀ 
฀[฀3฀0฀] Z .฀ ฀Q฀.฀ ฀Z฀h฀u฀,฀ ฀Z฀.฀ ฀Z฀.฀ ฀W฀u฀,฀ ฀a฀n฀d฀ ฀X฀.฀ ฀L฀i฀u฀,฀ ฀“฀A฀ ฀p฀a฀r฀t฀i฀t฀i฀o฀n฀e฀d฀ ฀s฀t฀a฀t฀o฀r฀ v฀a฀r i a b l฀e  f฀l฀u฀x  
฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀”฀ ,(((7UDQV(QHUJ\&RQYHUV฀,  ฀v฀o฀l฀.฀ ฀3฀1฀,฀ ฀n฀o฀.฀ ฀1฀,฀ ฀p฀p฀.฀ 
฀7฀8฀-฀9฀2฀,฀ ฀M฀a฀r฀.฀ ฀2฀0฀1฀7฀. 
฀ 
